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Engineering  and  Design 
TOPOGRAPHIC  SURVEYING 

1 .  Purpose.  This  manual  establishes  procedural  guidance,  specifications,  and  quality  control  criteria 
for  performing  field  topographic  surveying  in  support  of  planning,  engineering  and  design,  construc¬ 
tion,  and  environmental  restoration  activities. 

2.  Applicability.  This  manual  applies  to  all  HQUSACE  elements,  major  subordinate  commands,  and 
districts  which  perform,  contract,  or  monitor  topographic  surveys  in  support  of  civil  works  and  military 
construction  activities.  It  is  also  applicable  to  surveys  performed  or  procured  by  local  interest  groups 
under  various  cooperative  or  cost-sharing  agreements. 

3.  Discussion.  Topographic  surveying  is  performed  to  determine  the  planimetric  location  and 
topographic  relief  of  features  in  three  dimensions.  Topographic  surveys  are  performed  for  detailed 
large-scale  site  plan  drawings  or  maps  at  scales  equal  to  or  larger  than  1  inch  =100  feet  (1:1,200). 
Intermediate  and  small-scale  maps  are  usually  constructed  by  aerial  photogrammetry  or  satellite  remote 
sensing  methods.  This  manual  covers  field  survey  techniques  used  in  performing  topographic  surveys 
with  modem  electronic  total  stations  and  electronic  data  collectors.  It  includes  procedures  for  transfer¬ 
ring  field  data  to  computer-aided  drafting  and  design  (CADD)  systems  or  geographic  information 
systems  (GIS)  for  use  in  planning,  engineering,  and  constmction. 
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Chapter  1 
introduction 


1-1.  Purpose 

This  manual  establishes  procedural  guidance,  specifica¬ 
tions,  and  quality  control  criteria  for  performing  field 
topographic  surveying  in  support  of  planning,  engineering 
and  design,  construction,  and  environmental  restoration 
activities. 

1-2.  Applicability 

This  manual  applies  to  all  HQUSACE  elements,  major 
subordinate  commands,  and  districts  which  perform, 
contract,  or  monitor  topographic  surveys  in  support  of 
civil  works  and  military  construction  activities.  It  is  also 
applicable  to  surveys  performed  or  procured  by  local 
interest  groups  under  various  cooperative  or  cost-sharing 
agreements. 

1-3.  References 

Required  and  related  references  are  listed  in  Appendix  A. 

1-4.  Scope  of  Manual 

This  manual  establishes  standard  procedures,  minimum 
accuracy  requirements,  instrumentation  and  equipment 
requirements,  and  quality  control  criteria  for  performing 
field  topographic  surveys.  It  shall  be  used  as  a  guide  in 
planning  and  performing  topographic  surveys  with 
USAGE  hired-labor  forces.  The  manual  has  been  written 
to  include  the  electronic  surveying  methods  which  have 
changed  conventional  equipment  and  procedures  in  topo¬ 
graphic  surveying.  Traditional  methods,  such  as  plane- 
table  surveying,  are  included  because  these  methods 
remain  effective  topographic  surveying  methods.  Accura¬ 
cy  specifications,  procedural  criteria,  and  quality  control 
requirements  contained  in  this  manual  should  be  directly 
referenced  in  the  scopes  of  work  for  Architect-Engineer 
(A-E)  survey  services  or  other  third-party  survey  services 
to  ensure  that  uniform  and  standardized  procedures  are 
followed  by  both  hired-labor  and  contract  service  sources 
throughout  USAGE. 

a.  Throughout  the  manual,  topographic  survey  crite¬ 
ria  standards  are  in  specific  terms  and  are  normally  sum¬ 
marized  in  tables.  Guidance  is  in  more  general  terms 
where  methodologies  are  described  in  readily  available 
references  or  survey  instrumentation  operating  manuals. 


Where  procedural  guidance  is  otherwise  unavailable,  it  is 
provided  herein.  Sample  computations  and  survey 
recordation  formats  are  shown  for  some  of  the  more  com¬ 
mon  field  operations. 

b.  The  manual  primarily  focuses  on  the  preparation 
of  design  drawings  and  other  documents  associated  with 
engineering  projects,  including  related  contracted  con¬ 
struction  performance  activities.  Topographic  mapping 
using  photogrammetry  or  remote  sensing  methods  is  not 
covered  in  this  manual.  See  EM  1110-1-1000. 

1-5.  Metrics 

The  use  of  both  the  metric  and  English  systems  of  mea¬ 
surement  in  this  manual  is  predicated  due  to  the  common 
use  of  both  systems  throughout  the  surveying  and  map¬ 
ping  profession.  Spatial  location  coordinates  are  almost 
universally  expressed  in  feet.  Gonstruction  measurement 
quantities  are  normally  measured  in  linear  feet,  square 
feet,  or  cubic  yards.  Spatial  coordinates  relative  to  the 
North  American  Datum  of  1983  (NAD  83)  are  usually 
represented  in  metric  units  (International  System  of  Units 
[SI]).  Universal  Transverse  Mercator  (UTM)  projection 
coordinates  are  usually  metric  as  well.  Due  to  the  variety 
of  mixed  measurements,  equivalent  conversions  are  not 
shown  in  this  manual  —  the  most  common  measurement 
unit  is  used  for  example  computations.  Most  metric  con¬ 
versions  are  based  exclusively  on  the  U.S.  Survey  Foot, 
which  equals  (exactly)  1,200/3,937  meters  (or 
3.280833333333  feet  per  meter).  The  SI  conversion 
(1  International  Foot  =  30.48/100  m  exactly)  is  used  in  a 
few  states. 

1-6.  Brand  Names 

The  citation  in  this  report  of  brand  names  of  commerci¬ 
ally  available  products  does  not  constitute  official 
endorsement  or  approval  of  the  use  of  such  products. 

1-7.  Accompanying  Guide  Specifications 

This  manual  is  designed  to  be  used  in  conjunction  with 
guide  specifications  in  Appendix  B  as  a  quality  control 
and  quality  assurance  aid  in  administering  A-E  contracts 
for  topographic  surveying  services. 

1-8.  USAGE  Capabilities 

An  inventory  of  USAGE  instrumentation  and  hardware  is 
given  in  Appendix  G. 
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1-9.  COGO  System 

The  coordinate  geometry  (COGO)  software  system  is 
described  in  Appendix  D. 

1-10.  Sample  Scope  of  Work 

A  sample  scope  of  work  for  an  A-E  contract  is  shown  in 
Appendix  E. 

1-11.  Glossary 

Abbreviations  used  in  this  manual  are  explained  in  the 
Glossary  (Appendix  F). 


1-12.  Manual  Development  and  Proponency 

The  HQUSACE  proponent  for  this  manual  is  the  Survey¬ 
ing  and  Analysis  Section,  General  Engineering  Branch, 
Civil  Works  Directorate.  Recommended  corrections  or 
modifications  to  this  manual  should  be  directed  to 
HQUSACE,  ATTN:  CECW-EP-S,  20  Massachusetts 
Ave.  NW,  Washington,  DC  20314-1000. 

1-13.  Distribution 

Copies  of  this  manual  may  be  obtained  from  the 
HQUSACE  Publications  Depot,  2803  52nd  Avenue, 
Hyattsville,  MD  20781-1102. 
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Chapter  2 

Topographic  Accuracy  Standards 


2-1.  General 

This  chapter  sets  forth  the  accuracy  standards  to  be  used 
in  USAGE  for  topographic  mapping.  The  mapping  accu¬ 
racy  standards  are  associated  with  the  scales  and  sheet 
size  of  the  finished  map.  Horizontal  accuracy  is  directly 
related  to  the  map  scale.  Vertical  accuracy  is  a  stated 
fraction  of  the  contour  interval.  The  contour  interval  is 
related  to  the  vertical  scale.  Details  of  these  map  accura¬ 
cies  are  stated  in  this  chapter.  The  map  standards  set 
forth  in  this  chapter  shall  have  precedence  over  numbers, 
figures,  references,  or  guidance  presented  in  other  chap¬ 
ters.  USAGE  topographic  surveying  and  mapping  criteria 
are  detailed  in  Table  2-1.  Upon  selection  of  the  type  of 
project  to  be  mapped  the  criteria  limits  are  specified.  The 
specific  map  scale  and  contour  interval  within  these  limits 
are  selected  according  to  specific  project  parameters. 
Survey  accuracies  needed  to  achieve  these  map  accuracies 
are  separate  issues  and  are  addressed  in  Ghapter  3. 

a.  Mapping  standards,  A  map  accuracy  is  deter¬ 
mined  by  comparing  the  mapped  location  of  selected 
well-defined  points  to  their  “true”  location  as  determined 
by  a  conventional  field  survey.  A  map  accuracy  standard 
classifies  a  map  as  statistically  meeting  a  certain  level  of 
accuracy.  Horizontal  (or  planimetric)  map  accuracy  stan¬ 
dards  are  usually  expressed  in  terms  of  two-dimensional 
radial  positional  error  measures  —  the  root  mean  square 
(RMS)  statistic.  Vertical  map  accuracy  standards  are  in 
terms  of  one-dimensional  RMS  elevation  errors.  Map 
accuracy  classifications  are  dependent  on  the  specified 
(i.e.,  designed)  target  scale  and  vertical  relief,  or  contour 
interval,  of  the  map.  Reference  EM  1110-1-1000  and  the 
FGGS  Multipurpose  Land  Information  System  Guidebook 
for  more  detailed  information. 

b.  Surveying  standards.  All  maps  warranting  an 
accuracy  classification  must  be  referenced  to,  or  con¬ 
trolled  by,  conventional  field  surveys.  The  surveying 
standards  are  independent  of  these  map  accuracy  stan¬ 
dards  —  survey  accuracies  based  on  relative  closure  esti¬ 
mates  cannot  necessarily  be  correlated  with  map  accuracy 
positional  error  estimates.  Survey  accuracy  is  a  function 
of  the  specifications  and  procedures  used,  the  resultant 
internal  or  external  closures,  and  is  independent  of  the 
map  scale  or  map  contour  interval.  The  accuracy  of  the 
conventional  field  survey  used  to  test  the  map  accuracy 
must  exceed  that  of  the  map. 


c.  Target  scale  and  contour  interval  specifications. 
Mapping  accuracy  standards  are  associated  Avith  the  final 
development  scale  of  the  map,  both  the  horizontal  “target” 
scale  and  vertical  relief  (specified  contour  interval)  com¬ 
ponents.  Photogrammetric  mapping  flight  altitudes  or 
ground  topographic  (topo)  survey  accuracy  and  density 
requirements  are  specified  based  on  the  design  map  target 
scale  and  contour  interval.  The  use  of  Gomputer  Aided 
Drafting  and  Design  (GADD)  or  Geographic  Information 
Systems  (GIS)  equipment  allows  planimetric  features  and 
topographic  elevations  to  be  readily  separated  onto  vari¬ 
ous  layers  and  depiction  at  any  scale.  Problems  arise 
when  target  scales  are  increased  beyond  their  original 
values,  or  when  so-called  “rubber  sheeting”  is  performed. 
Therefore,  it  is  critical  that  these  spatial  data  layers  con¬ 
tain  descriptor  information  identifying  the  original  source 
target  scale  and  designed  accuracy. 

2-2.  Topographic  Mapping  Standards 

There  are  six  generally  recognized  industry  standards 
which  can  be  used  for  specifying  spatial  mapping  prod¬ 
ucts  and  resultant  accuracy  compliance  criteria. 

•  Office  of  Management  and  Budget  (0MB) 
United  States  National  Map  Accuracy  Standards. 

•  American  Society  of  Photogrammetry  (ASP) 
Specifications  for  Aerial  Surveys  and  Mapping 
by  Photogrammetric  Methods  for  Highways. 

•  U.S.  Department  of  Transportation  (DOT)  Sur- 
ve3dng  and  Mapping  Manual  Map  Standards. 

•  American  Society  of  Photogrammetry  and 
Remote  Sensing  (ASPRS)  Accuracy  Standards 
for  Large  Scale  Maps. 

•  American  Society  of  Givil  Engineers  (ASGE) 
Surveying  and  Mapping  Division  Standards. 

•  U.S.  National  Gartographic  Standards  for  Spatial 
Accuracy. 

Each  of  these  standards  has  applications  to  different  types 
of  functional  products,  ranging  from  wide-area  small-scale 
mapping  (0MB  National  Map  Accuracy  Standards)  to 
large-scale  engineering  design  (ASPRS  Accuracy  Stan¬ 
dards  for  Large  Scale  Maps).  Their  resultant  accuracy 
criteria  (i.e.,  spatial  errors  in  X,  Y,  and  Z),  including  qual¬ 
ity  control  compliance  procedures,  do  not  differ  signifi¬ 
cantly  from  one  another.  In  general,  use  of  any  of  these 
standards  will  result  in  a  quality  map. 
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General  Location  Maps;  for  masiar  planning  purposes  100-400  ft  2-10  ft  3rd -II  1-10  ft  3rd  2-10  ft  2  or  3 

Space  Management  (foterior  design/layout)  10-50  ft  0.05-1  ft  Relative  to  n/a  nfa  nfa  nfa 
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6.  QIS  raster  or  vector  features  generally  can  be  scaled  or  digitized  from  any  existing  map  of  the  installation  ■■  typically  a  standard  USQS  1  inch  ■  2,000  foot  scale  quadrangle  map 
is  adequate  given  the  low  relative  accuracies  needed  behveen  GIS  data  features,  elements,  or  dassilications.  Relative  or  absolute  GPS  positioning  (10  to  300  feet)  may  be 
adequate  to  tia  GIS  features  where  no  maps  exist  In  general,  a  basic  area  or  instalation-wide  2nd-  or  3rd-Order  control  network  is  adequate  for  all  subsequent  engineering, 
construction,  real  estate,  GIS,  and/or  AM/FM  control. 
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2-3.  USAGE  Topographic  Mapping  Standard 

The  recommended  standard  for  USAGE  topographic  map¬ 
ping  is  the  ASPRS  Accuracy  Standards  for  Large  Scale 
Maps.  This  standard  was  developed  (and  is  generally 
recognized)  by  the  photogrammetric  industry.  The  associ¬ 
ated  scale  is  defined  for  maps  larger  than  1:20,000  (1  inch 
=  1,667  feet).  The  scale  range  of  most  USAGE  large- 
scale  topographic  work  is  1  inch  =  10  feet  to  1  inch 
=  200  feet.  Maps  for  flood  control  and  emergency  ser¬ 
vices  may  have  smaller  scales.  Topographic  surveys  in 
support  of  architectural  drawing  details  may  have  larger 
scales.  The  ASPRS  standards  contain  definitive  statistical 
map  testing  criteria  which  can  be  used  to  truth  a  map. 
Tangible  information  for  contract  administration  may  be 
documented  in  a  contract  based  on  these  testing  criteria. 
For  USAGE  small-scale  maps  the  0MB  United  States 
National  Map  Accuracy  Standards  are  used.  USAGE  map 
scales  for  these  standards  are  less  than  or  equal  to 
1:20,000.  Maps  generated  at  these  scales  will  generally 
be  flown  by  aerial  photography.  For  details  of  this  stand¬ 
ard  consult  EM  1 1 10-1-1000. 

2-4.  Intended  Use  of  the  Map 

Table  2-1  depicts  recommended  scales,  contour  intervals, 
and  all  associated  position  tolerances  for  USAGE  projects 
or  activities.  Functional  activities  are  divided  into  mili¬ 
tary  construction,  civil  works,  real  estate,  hazardous 
waste,  and  emergency  management.  Sub-activities  for 
each  of  these  categories  define  the  necessary  map  parame¬ 
ters.  Use  of  Table  2-1  saves  preliminary  mapping 
research  and  establishes  standards  for  USAGE  mapping 
requirements.  Standards  are  especially  important  due  to 
the  high  demand  of  digital  data  information.  For  most 
projects,  identification  of  the  type  of  project  is  the  only 
design  assumption  required.  The  USAGE  mapping 
parameters  are  selected  across  the  appropriate  row.  The 
remaining  sections  of  this  chapter  list  criteria  for  narrow¬ 
ing  a  map  design  parameter  for  cases  in  Table  2-1  where 
a  range  is  allowable.  Map  clarity,  map  cost,  and  map 
sheet  size  are  considerations  for  narrowing  parameter 
ranges  to  specific  numbers  in  each  category  for  a  given 
project. 

2-5.  Area  of  the  Project 

Location  of  points  in  a  large  area  may  be  measured  with 
consistent  precision  throughout,  but  the  relative  precision 
of  the  points  located  furthest  from  the  control  will  tend  to 
have  more  error  than  points  located  directly  from  control 
monuments.  In  order  to  maintain  the  required  accuracy 
for  a  project,  a  primary  project  control  net  or  loop  is 


established  to  cover  the  entire  project.  Secondary  project 
control  loops  or  nets  are  constructed  from  the  primary 
project  network.  This  helps  to  ensure  that  the  intended 
precision  will  not  drop  below  the  tolerance  of  the  survey. 
In  lieu  of  increasing  control  requirements,  the  map  scale 
may  be  reduced.  This  trade-off  between  survey  control 
and  scale  has  either  increased  project  costs  or  the  scale 
has  been  reduced  below  usable  limits  in  some  cases.  To 
resolve  the  trade-off  problem,  the  ASPRS  has  stated  the 
map  accuracy  relative  to  the  finished  map  sheet.  This 
substitutes  relative  survey  line  accuracies  between  points 
in  the  national  network  for  relative  survey  line  accuracies 
between  points  contained  within  the  sheet  borders.  Map 
recipient  requirements  are  met  per  sheet,  which  is  usually 
the  purpose  of  the  majority  of  site  plan  mapping  used  in 
construction. 

2-6.  Map  Scale 

Map  scale  is  the  ratio  of  the  distance  measurement 
between  two  identifiable  points  on  a  map  to  the  same 
physical  points  existing  at  ground  scale.  The  errors  in 
map  plotting  and  scaling  should  exceed  errors  in  measure¬ 
ments  on  the  ground  by  a  ratio  of  about  3  to  1 .  Stated  in 
a  different  manner,  a  ratio  can  be  established  as  a  func¬ 
tion  of  the  plotter  error  divided  by  the  allowable  scale 
error.  For  example,  if  a  digital  plotter  has  an  accuracy  of 
±0.25  mm  and  scaled  map  distances  must  be  accurate  to 
±0.5  foot  (152  mm),  then  0.25/152  =  1/610;  or  the  ratio 
becomes  1:600  or  1  inch  =  50  feet. 

a.  Another  common  number  used  by  surveyors  to 
determine  map  scales  and  survey  precision  is  an  error  of 
1/40  inch  (0.64  mm)  between  any  two  points  scaled  from 
the  finished  map.  This  error  is  assumed  constant  regard¬ 
less  of  the  length  of  a  line  until  the  scale  is  changed.  For 
example,  given  a  scale  error  of  1/40  inch  and  a  feature 
accuracy  requirement  of  ±10  feet,  the  maximum  allowable 
map  scale  would  be  1/40  inch  /  10  feet,  or  a  scale  of 
1  inch  =  400  feet. 

b.  The  traditional  1 /40-inch  plotting/scaling  error 
probably  originated  from  the  National  Map  Accuracy 
Standard  (NMAS).  The  NMAS  specified  not  more  than 
10%  of  well-defined  points  (a  group  sample)  tested  in  the 
field  on  a  given  map  shall  be  in  error  by  more  than 
1/30  inch  (85  mm)  for  scales  greater  than  1:20,000  (large- 
scale).  Not  more  than  10%  of  points  tested  shall  be  in 
error  exceeding  1/50  inch  (50  mm)  for  scales  equal  to  or 
smaller  than  1:20,000.  These  measurements  were  tested 
at  the  publication  scale  for  horizontal  map  truthing.  Ver¬ 
tical  map  truthing  specified  not  more  than  10%  of  the 
elevations  tested  will  exceed  one-half  the  contour  interval. 
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1/100  inch  (0.25  mm)  is  the  maximum  error  for  a  (one) 
plottable  well-defined  point,  easily  visible  or  recoverable 
on  the  ground,  as  defined  by  the  NMAS.  Note  that  the 
smaller  the  sample  size,  the  more  restrictive  becomes  the 
tolerance.  This  is  why  20  points  are  required  in  the 
ASPRS  standard.  To  compute  the  NMAS  Circular  Map 
Accuracy  Standard  (CMAS)  from  the  ASPRS  values,  use 
the  following  conversion: 

CMAS  =  2.146  *  or  y 

c.  The  ASPRS  standard  emphasizes  that  the  standard 
is  based  at  full  ground  scale  and  the  CMAS  can  only 
approximately  be  compared  to  the  1/30  inch  NMAS. 

d  The  surveyor  should  always  use  the  smallest  scale 
which  will  provide  the  necessary  detail  for  a  given  pro¬ 
ject.  This  will  provide  economy  and  meet  the  project 
requirements.  Use  this  rule-of-thumb  when  deciding 
limits  as  provided  in  Table  2-1.  Once  the  smallest  scale 
has  been  selected  from  Table  2-1,  determine  if  any  other 
map  uses  are  possible  for  this  project  which  need  a  larger 
scale.  If  no  other  uses  are  of  practical  value,  then  the 
map  scale  has  been  determined. 

2-7.  Contour  Interval 

The  contour  interval  is  the  constant  elevation  difference 
between  two  adjacent  contour  lines.  The  contour  interval 
is  chosen  based  on  the  map  purpose,  required  vertical 
accuracy  (if  any  was  specified),  the  relief  of  the  area  of 
concern,  and  somewhat  the  map  scale.  Steep  slopes 
(large  relief)  will  cause  the  surveyor  to  increase  the  con¬ 
tour  interval  in  order  to  make  the  map  more  legible.  Flat 
areas  will  tend  to  decrease  the  interval  to  a  limit  which 
does  not  interfere  with  planimetric  details  located  on  the 
topographic  map. 

fl.  As  a  general  rule,  the  lower  limit  for  the  contour 
interval  is  25  lines  per  inch  for  even  the  smallest  map 
scales.  The  checklist  to  find  the  proper  contour  interval 
is: 

(1)  Intended  purpose  of  the  map. 

(2)  The  desired  accuracy  of  the  depicted  vertical 
information. 

(3)  Area  relief  (mountainous,  hilly,  rolling,  flat,  etc.). 

(4)  Cost  of  extra  field  work  and  possibility  of  plot¬ 
ting  problems  for  selecting  a  smaller  contour  interval. 

(5)  Other  practical  uses  for  the  intended  map. 


b.  Following  the  above  checklist,  contour  interval 
ranges  are  recommended  in  Table  2-1  for  the  types  of 
projects  typically  encountered  in  USAGE.  If  a  specific 
vertical  tolerance  has  been  specified  as  the  purpose  for  the 
mapping  project,  then  the  contour  interval  may  be  deter¬ 
mined  as  a  direct  proportion  from  Table  2-1  for  the  type 
of  project  site.  Otherwise,  the  stated  map  accuracy  of  the 
vertical  information  will  be  in  terms  of  the  selected  con¬ 
tour  interval  within  the  limits  provided  by  Table  2-1. 

c.  Any  contour  drawn  on  the  map  will  be  correct  to 
a  stated  fraction  of  the  selected  contour  interval.  Because 
interpolation  is  used  between  spot  elevations,  the  spot 
elevations  themselves  are  required  to  be  twice  as  precise 
as  the  contours  generated  by  the  spot  elevations. 

2-8.  ASPRS  Accuracy  Standards 

a.  USAGE  has  adopted  the  ASPRS  accuracy  speci¬ 
fications  for  large-scale  mapping.  The  maps  are  divided 
into  three  classes.  Glass  1  holds  the  highest  accuracies. 
Site  plans  for  construction  fit  this  category.  Glass  2  has 
half  the  overall  accuracy  of  Glass  1.  Typical  projects 
may  include  excavation,  road  grading,  or  disposal  opera¬ 
tions.  Glass  3  has  one  third  the  accuracy  or  three  times 
the  allowable  error  of  Glass  1  maps.  Large  area  cadastral, 
city  planning,  or  land  classification  maps  are  typically  in 
this  category.  The  ASPRS  map  class  selection  is  listed 
for  each  activity  or  project  type.  Tables  2-2  and  2-3 
detail  ASPRS  horizontal  and  vertical  accuracy  require¬ 
ments,  respectively. 


Table  2-2 


Planimetric  Feature  Coordinate  Accuracy  Requirement 
(Ground  X  or  Y  in  Feet)  for  Well-Defined  Points 

Taraet  Mao  Scale 

1  in  .=  X  Ratio 

(ft)  ft/ft 

Limiting  RMS  Error  in  X  or  Y,  ft 
ASPRS 

Class  1 

Class  2 

Class  3 

5 

1:60 

0.05 

0.10 

0.15 

10 

1:120 

0.10 

0.20 

0.30 

20 

1:240 

0.2 

0.4 

0.6 

30 

1:360 

0.3 

0.6 

0.9 

40 

1:480 

0.4 

0.8 

1.2 

50 

1:600 

0.5 

1.0 

1.5 

60 

1:720 

0.6 

1.2 

1.8 

100 

1:1,200 

1.0 

2.0 

3.0 

200 

1:2,400 

2.0 

4.0 

6.0 

400 

1:4,800 

4.0 

8.0 

12.0 

500 

1:6,000 

5.0 

10.0 

15.0 

800 

1:9,600 

8.0 

16.0 

24.0 

1,000 

1:12,000 

10.0 

20.0 

30.0 

1,667 

1:20,000 

16.7 

33.3 

50.0 
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Table  2-3 

ASPRS  Topographic  Elevation  Accuracy  Requirement  for 
Well-Defined  Points 


ASPRS  Limiting  RMS  Error,  ft 


Topo  Feature 
Points 

Spot  or  DTM'' 
Elevation  Points 

Target 

Contour 

Interval 

Class 

Class 

Class 

Class 

Class 

Class 

(ft) 

1 

2 

3 

1 

2 

3 

0.5 

0.17 

0.33 

0.50 

0.08 

0.16 

0.25 

1 

0.33 

0.66 

1.0 

0.17 

0.33 

0.5 

2 

0.67 

1.33 

2.0 

0.33 

0.67 

1.0 

4 

1.33 

2,67 

4.0 

0.67 

1.33 

2.0 

5 

1.67 

3.33 

5.0 

0.83 

1.67 

2.5 

^  DTM  =  digital  terrain  model. 


h.  A  limiting  root  mean  square  error  (RMSE)  for 
each  class  is  indicated  in  Tables  2-2  and  2-3.  The  RMSE 
is  found  by  locating  prominent  features  by  rectangular 
coordinates  from  a  finished  planimetric  or  topographic 
map.  At  least  20  check  points  are  measured  from  the 
map.  The  points  are  selected  in  an  agreement  between 
the  map  producer  and  the  client.  A  survey  party  then 
locates  the  same  points  on  the  ground.  Third-Order  sur¬ 
vey  methods  are  sufficient  in  most  cases,  depending  again 
on  the  map  scale  and  the  area  of  the  project.  The  survey 
methods  used  for  map  testing  must  be  superior  to  the 
methods  used  to  construct  the  map  in  order  to  establish  a 
truth  basis. 

c.  To  test  horizontal  features,  planimetric  coordi¬ 
nates  of  well-defined  points  are  scaled  from  the  finished 
map  in  ground  scale  units  and  subtracted  from  the  same 
actual  coordinates  obtained  during  the  field  check  survey. 
The  test  checks  the  x  and  y  directions  separately.  The 
planimetric  coordinate  differences  are  inspected  for  any 
discrepancies  exceeding  three  times  the  limiting  RMSE 
according  to  class  in  Table  2-2,  If  more  than  20  points 
were  selected  for  the  check  survey,  the  discrepancies  in 
excess  of  three  times  the  RMS  may  be  thrown  out;  but 
the  entire  point  must  be  discarded  (x,y,z).  Outlier  values 
existing  in  a  minimum  data  set  of  20  must  be  resolved  in 
the  field.  Outlier  values  are  considered  blunders  and  shall 
be  resolved  before  an  ASPRS  accuracy  statement  is 
printed  on  the  finished  map.  The  discrepancies  are 
squared.  The  squares  are  summed  and  divided  by  the 
number  of  points  used  for  the  sample.  The  square  root 
operation  is  performed  on  value  obtained  from  the  sum  of 


the  squared  differences  divided  by  the  sample  number  to 
obtain  the  RMSE  test  statistic.  This  same  procedure  is 
then  performed  for  the  Y  and  Z  coordinates. 

d  Table  2-2  lists  the  planimetric  feature  coordinate 
accuracy  requirements  for  well-defined  points  in  either  the 
X  coordinate  or  Y  coordinate  directions.  The  values  in 
the  columns  under  the  classes  are  in  ground  units  of  feet. 
The  values  are  at  ground  scale,  not  map  scale.  An  accu¬ 
racy  statement  in  the  notes  of  each  map  sheet  shall  be 
published  stating  the  finished  map  meets  the  USAGE 
requirement  for  location  of  planimetric  features  at  the 
published  scale.  The  RMSE  is  computed  for  each  map 
sheet  produced  and  compared  to  Table  2-3  according  to 
map  class  and  target  map  scale. 

e.  The  values  of  the  RMSE  differences  are 
inversely  proportional  to  the  map  scale.  As  the  map  scale 
decreases,  the  limiting  RMSE  in  the  differences  increases. 
The  increase  in  the  allowable  tolerance  includes  the  total 
errors  of  survey  control,  data  collection,  map  compilation/ 
plotting,  and  scaling  errors  in  depicting  well-defined 
points  from  the  finished  map.  The  limiting  accuracies 
listed  in  Table  2-2  are  the  maximum  permissible  RMSE 
allowed  under  the  ASPRS  standard.  Work  performed  by 
experienced  topographic  survey  crews  should  be  well 
within  the  limits  of  the  values  in  Table  2-2.  As  stated 
above,  the  RMSE  is  computed  from  a  sample  of  no  less 
than  20  well-defined  points.  Whether  or  not  this  accep¬ 
tance  testing  is  actually  performed  is  a  contracting  officer 
determination  --  not  all  map  products  need  to  be  tested. 
If  the  test  is  performed  correctly  and  the  map  cannot  meet 
the  requirements  of  Table  2-2,  the  accuracy  statement 
cannot  be  published  in  the  notes  until  the  map  has  been 
corrected  by  the  map  producer. 

/  A  vertical  accuracy  statement  shall  be  included 
in  the  notes  section  of  each  map  sheet  produced  for  the 
USAGE,  based  on  the  ASPRS  map  class  and  contour 
interval  shown  in  Table  2-3.  The  check  used  to  meet  the 
class  requirement  is  based  on  the  RMSE  and  tolerance 
limits  of  Table  2-3.  Table  2-3  lists  two  types  of  values 
based  on  a  given  contour  interval.  The  first  group  of 
values  to  the  left  of  the  table  correspond  to  topographic 
map  features  and  the  allowable  vertical  error  in  the  fin¬ 
ished  map.  These  features  may  be  roads,  buildings,  trees, 
hilltops,  swales,  valleys,  or  creeks.  The  values  to  the 
right  side  are  allowable  errors  for  spot  locations  which  are 
actual  topographic  locations  where  a  measurement  was 
taken.  Spot  locations  require  half  the  allowable  error  of 
their  corresponding  feature  points  for  a  given  contour 
interval. 
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2-9.  USAGE  Horizontal  Accuracy  Check 

Note  2  of  Table  2-1  explains  horizontal  map  accuracy  in 
terms  of  relative  accuracies  of  structures  critical  to  engi¬ 
neering  or  construction  objectives.  This  is  the  intention  of 
most  mapping  produced  in  USAGE.  For  construction 
applications,  a  minimum  of  three  pairs  of  points  (total  of 
six  points)  should  be  tested  per  map  sheet.  These  points 
should  be  located  in  the  construction  area  and  be  intended 
for  length  and  orientation  of  significant  existing  structures. 
The  planimetric  features  used  for  identifying  pairs  on  a 
finished  map  will  be  man-made  well-defined  points. 

a.  Field  locations  of  well-defined  project  points  are 
recorded  such  that  distances  can  be  chained  at  the  time  of 


the  survey.  The  procedures  used  are  typical  of  a  building 
location  survey.  Coordinates  are  computed  for  the  loca¬ 
tions  and  checked  against  the  chained  distances  to  ensure 
that  blunders  or  systematic  errors  are  minimized. 

b.  The  same  points  are  scaled  or  digitized  in  the 
office  from  the  finished  map  sheet.  For  each  of  the  six 
points,  a  delta  x  and  delta  y  are  computed.  Taking  the  six 
points  two  at  a  time  generates  a  combination  of  15  errors 
from  the  map  sheet.  Calculation  of  the  15  errors  is  easily 
done  on  a  computer.  The  computation  should  be  per¬ 
formed  in  terms  of  latitude  and  departure  instead  of  dis¬ 
tance  alone.  The  sum  of  the  squares  of  the  latitude  and 
departure  errors  will  result  in  an  RMSE  for  comparison 
with  the  tolerances  shown  in  Table  2-1. 
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Chapter  3 

Topographic  Survey  Control 


3-1.  General 

USAGE  control  work  can  generally  be  separated  into 
primary  project  control  and  secondary  project  control. 
Primary  control,  usually  on  the  State  Plane  Coordinate 
System  (SPCS)  projection,  is  intended  to  accommodate  all 
project-related  surveying  tasks  identified  for  the  life  of  a 
particular  project.  Secondary  control  is  intended  for  more 
specific  applications  or  densification  such  as  topographic 
surveying  or  construction  stakeout.  The  specified  USAGE 
control  accuracies  are  listed  by  activity  type  in  Table  2-1. 
To  explain  check  surveys  designed  to  establish  map  accu¬ 
racies  refer  to  the  ASPRS  Accuracy  Specification  for 
Large-Scale  Line  Maps  included  in  EM  1110-1-1000. 

a.  USAGE  primary  project  control  is  sometimes  tied 
into,  but  rarely  adjusted  as  part  of,  the  National  Geodetic 
Reference  System  (NGRS).  This  tie  is  generally  per¬ 
formed  by  converting  geodetic  control  coordinates  into  the 
SPGS  or  UTM.  The  grid  coordinates  of  the  control  mon¬ 
uments  are  inversed  for  grid  azimuth  and  grid  distance. 
The  azimuth  is  used  as  a  starting  azimuth  (or  check  azi¬ 
muth)  and  the  ground  scale  distance  is  used  to  check  the 
monuments. 

b.  The  Global  Positioning  System  (GPS)  has  signifi¬ 
cantly  increased  the  production  of  surveys  performed  by 
surveyors.  The  USAGE  may  occasionally  require  a  geo¬ 
detic  survey  because  of  unique  construction  requirements 
or  project  size,  but  most  projects  are  surveyed  based  on 
SPGS  or  UTM  horizontal  grids.  Independent  survey 
datums  or  reference  systems  should  not  be  used  for  pri¬ 
mary  project  control  unless  required  by  local  code,  statute, 
or  practice.  This  includes  local  tangent  planes,  state  High 
Accuracy  Regional  Networks  (HARN),  and  un-referenced 
construction  baseline  station-offset  control.  The  horizon¬ 
tal  datum  for  the  primary  control  should  be  the  North 
American  Datum  of  1983  (NAD  83/86).  New  projects 
should  be  based  on  the  NAD  83  system  and  some  older 
projects  may  remain  based  on  the  NAD  27  system. 

3-2.  USAGE  Control  Survey  Accuracy  Standards 

a.  Horizontal  control  standards.  The  USAGE  uses 
the  relative  point  closure  survey  accuracy  standard.  The 
compass  rule  adjustment  procedure  will  produce  this 
result  by  dividing  the  closure  by  the  sum  of  the  traverse 
lengths.  Table  3-1  displays  the  classification  for  closure 
standards. 


Table  3-1 

USAGE  Point  Closure  Standards  for  Horizontal  Control 
Surveys  _ 


USAGE  Classification 

Point  Closure  Standard 
(Ratio) 

Second-Order  Class  1 

1:50,000 

Second-Order  Class  11 

1:20,000 

Third-Order  Class  1 

1:10,000 

Third-Order  Class  il 

1:  5,000 

Fourth-Order  -  Construction  Layout 

1:2,500  to  1:20,000 

(1)  Horizontal  point  closure.  The  horizontal  point 
closure  is  determined  by  dividing  the  linear  distance  mis- 
closure  of  the  survey  into  the  overall  circuit  length  of  a 
traverse,  loop,  or  network  line/circuit.  When  independent 
directions  or  angles  are  observed,  as  on  a  conventional 
survey  (i.e.,  traverse,  trilateration,  or  triangulation),  these 
angular  misclosures  may  optionally  be  distributed  before 
assessing  positional  misclosure.  The  horizontal  point 
closure  is  also  used  in  USAGE  as  an  accuracy  measure. 
In  cases  where  GPS  vectors  are  measured  in  geocentric 
coordinates,  then  the  three-dimensional  positional  mis¬ 
closure  is  assessed. 

(2)  Approximate  surveying.  Approximate  surveying 
work  should  be  classified  based  on  the  survey’s  estimated 
or  observed  positional  errors.  This  would  include  abso¬ 
lute  GPS  and  some  differential  GPS  techniques  with  posi¬ 
tional  accuracies  ranging  from  10  to  150  feet  (2DRMS). 
There  is  no  order  classification  for  such  approximate 
work. 

(3)  Higher  order  surveys.  Requirements  for  relative 
accuracies  or  closures  exceeding  1:50,000  are  rare  for 
most  USAGE  applications.  See  Table  2-1  for  recom¬ 
mended  control  survey  accuracies  based  on  the  functional 
project  application.  Surveys  requiring  accuracies  of  First- 
Order  (1:100,000)  or  better  should  be  performed  using 
Federal  Geodetic  Gontrol  Subcommittee  (FGGS)  standards 
and  specifications. 

b.  Vertical  control  standards.  The  vertical  accu¬ 
racy  of  a  survey  is  determined  by  the  elevation  misclosure 
within  a  level  section  or  level  loop.  For  conventional 
differential  or  trigonometric  leveling,  section  or  loop 
misclosures  (in  feet)  shall  not  exceed  the  limits  shown  in 
Table  3-2,  where  the  line  or  circuit  length  (M)  is  mea¬ 
sured  in  miles.  Procedural  specifications  or  restrictions 
pertaining  to  vertical  control  surveying  methods  or  equip¬ 
ment  should  not  be  over-restrictive. 
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Table  3-2 

USAGE  Point  Closure  Standards  for  Vertical  Control  Surveys 

USAGE  Classification 

Point  Closure  Standard 
(Feet) 

Second-Order  Class  1 

0.025*M“ 

Second-Order  Class  11 

o.oas'M”^ 

Third-Order 

0.050*M“ 

Fourth-Order-Construction  Layout 

0. 100*1^1“ 

NOTE:  M°  ®  is  the  square  root  of  distance  M  in  miles. 

3-3.  Reconnaissance  and  Planning  Phase 

The  reconnaissance  phase  could  be  the  most  important 
phase  of  the  survey.  At  this  phase  of  the  project  the 
required  control  accuracy  is  known.  Topographic  maps, 
aerial  photographs,  tax  maps,  and  basically  any  mapping 
information  are  collected  for  the  area.  These  maps  along 
with  required  site  visits  shall  be  used  to  extract  slopes, 
soil  characteristics,  ground  cover,  drainage  structures, 
nearby  utilities,  and  other  physical  evidence.  Weather 
information  and  rainfall  data  should  be  consulted  at  this 
time.  Additionally,  wetlands,  historical  artifacts,  and 
other  like  sites  shall  be  identified.  All  the  above  informa¬ 
tion  should  be  consolidated  into  a  reconnaissance  report. 
Photographs  are  encouraged  in  this  report.  Ownership 
information  (name  and  address)  and  legal  descriptions  of 
privately  owned  lands  should  be  obtained  during  this 
phase.  Right-of-entry  should  be  secured  on  lands  not 
owned  or  controlled  by  the  Government.  Permits  may  be 
required  and  should  be  obtained  at  this  time. 

a.  Vertical  information  is  important  for  horizontal 
control  computations  as  well  as  the  project  vertical  con¬ 
trol,  in  general.  U.S.  Geological  Survey  (USGS)  quad¬ 
rangles  and  publications  of  National  Ocean  Service  (NOS) 
horizontal/vertical  control  are  invaluable  to  the  beginning 
of  the  project.  Elevations  obtained  from  quad  sheets  are 
often  used  to  estimate  the  average  project  height  above  a 
datum  in  order  to  compute  the  sea  level  or  ellipsoid 
reduction  factor. 

b.  The  size  and  type  of  the  project,  target  scale,  and 
contour  interval  will  define  the  type  and  accuracy  require¬ 
ments  of  the  control  to  be  established.  Once  this  has 
been  established,  instruments  and  the  measurement  system 
are  selected.  The  measurement  systems  are: 

Triangulation 

Trilateration 

Traverse 


Inertial  Surveying 

GPS  Surveying 

Geodetic  Leveling 

Photogrammetry/Anal5^ical  Control 

Of  the  above  measurement  systems,  USAGE  typically 
uses  traverse  or  GPS  for  horizontal  control, 

c.  After  the  information  has  been  sorted  and  per¬ 
mission  to  enter  the  property  has  been  granted,  the  survey 
party  will  go  to  the  field  and  recover  the  monuments 
which  will  be  of  benefit  to  the  project.  At  the  same  time 
traverse  stations  are  strategically  set  and  lines  may  be 
cleared  under  the  conditions  of  the  right-of-entry.  Mon¬ 
uments  set  by  different  agencies  should  be  identified  and 
noted.  Information  supporting  the  unfamiliar  monuments 
may  be  obtained  from  the  respective  agencies.  Without 
this  supporting  information,  the  positions  of  these  monu¬ 
ments  may  never  be  of  value  to  the  project.  Unantici¬ 
pated  monuments  that  are  found  should  be  noted,  because 
the  monument  may  have  value  that  was  not  apparent 
when  the  party  first  walked  the  project.  The  key  is  to 
locate  anything  that  remotely  resembles  a  monument  in 
the  field,  but  don’t  hold  this  monument  as  equal  weight 
with  other  known  monuments  in  the  traverse  adjustments 
unless  the  history  is  known.  Use  the  coordinate  as  a 
check  unless  no  doubt  exists  about  the  position. 

d.  Plane  coordinate  systems  can  be  used  for  large 
projects.  The  horizontal  control  is  installed,  measured, 
and  adjusted  by  conventional  traverse  methods.  This 
traverse  is  tied  to  a  geodetic  control  network  by  including 
a  geodetic  monument  (or  monuments)  in  the  traverse  or 
by  locating  the  geodetic  monuments  by  ties  (spur  lines). 

3-4.  Primary  Survey  Control 

Primary  project  control  is  set  to  establish  survey  control 
over  large  areas.  USAGE  primary  project  control  may  be 
geodetic  or  SPGS.  Geodetic  primary  project  control  may 
be  obtained  from  the  National  Geodetic  Survey  (NGS).  A 
vast  amount  of  high  order  survey  information  is  compiled 
and  adjusted  by  this  organization  to  provide  horizontal 
control  and  benchmarks  in  the  United  States.  The  latest 
adjustment  of  these  data,  including  Ganadian  and  Mexican 
geodetic  survey  data,  establishes  the  vertical  and  horizon¬ 
tal  datums  for  the  North  American  continent.  The  newest 
vertical  datum  is  the  North  American  Vertical  Datum 
1988  (NAVD  88).  The  latest  horizontal  datum  is  the 
NAD  83.  Gonnections  with  the  NGRS  shall  be  subordi¬ 
nate  to  the  requirements  for  local  project  control. 
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3-5.  GPS  Survey  Control 

New  projects  may  exist  in  areas  that  have  no  primary 
control  available.  GPS  surveying  has  proven  highly 
effective  in  transferring  control  from  monuments  outside 
the  project.  Differential  GPS  applications  are  capable  of 
establishing  control  to  accuracies  better  than  1:100,000. 
Although  GPS  is  referenced  to  World  Geodetic  System  of 
1984  (WGS  84)  rather  than  Geodetic  Reference  System  of 
1980  (GRS  80,  ellipsoid  definition  used  in  NAD  83),  the 
difference  in  resulting  coordinates  obtained  through  dif¬ 
ferential  applications  is  negligible.  Therefore,  for  differ¬ 
ential  applications,  GPS  can  be  assumed  to  be  a 
NAD  83-referenced  system.  For  details  of  GPS  operation 
refer  to  EM  1110-1-1003. 

3-6.  Secondary  Control  for  Topographic  Surveys 

Secondary  control  traverses  are  constructed  as  closed  loop 
traverses,  closed  traverses,  or  nets,  on  flat  plane  coordi¬ 
nate  systems.  Loops  can  be  adjusted  by  compass  rule  or 
least  squares.  Nets  are  best  adjusted  by  least  squares. 
Nets  evolve  in  projects  from  a  closed  loop  traverse  where 
cross-tie  traverses  are  later  tied  across  the  project.  Reduc¬ 
tions  are  made  to  survey  data  to  project  the  control  to  the 
reference  vertical  datum.  Another  reduction  for  state 
plane  coordinates  places  the  control  on  the  flat  plane 
projection.  Two  points  on  the  surface  of  the  earth  are 
really  separated  by  an  arc  distance.  If  the  earth  radius 
varies  in  length  then  so  varies  the  distance  between  the 
same  two  points  in  a  direct  relationship.  Following  these 
two  reductions,  any  distance  between  the  control  points 
will  appear  to  be  in  error  until  the  distance  is  divided  by 
the  combination  of  the  two  scale  factors,  called  the  com¬ 
bined  scale  factor.  A  local  secondary  system  avoids  this 
multiplication/division  exercise  to  allow  the  surveyor  to 
make  environmental  corrections  to  measurements  without 
additional  conversions.  Later  the  entire  project  will  be 
converted  from  local  to  datum  plane  after  field  operations 
have  ceased.  Horizontal  control  for  topographic  surveys 
and  construction  surveys  is  designed  primarily  to  provide 
positions  within  allowable  limits.  With  the  electronic 
equipment  used  today,  the  largest  type  of  error  is  the 
blunder.  Systematic  error  can  be  reduced  through  calibra¬ 
tion  checks.  Random  error  is  more  significant  for  pri¬ 
mary  survey  control  and  stakeouts  of  large  expensive 
structures.  For  topographic  control,  angles  should  be 
doubled  and  distances  should  be  recorded  ahead  (AHD) 
and  back  (BK)  at  each  traverse  station.  Thus,  each  mea¬ 
surement  is  recorded  twice.  This  procedure  is  only  rec¬ 
ommended,  not  required,  to  avoid  blunders.  The  traverse 
is  adjusted,  and  a  relative  error  of  closure  is  obtained. 
This  relative  position  closure  provides  a  statement  of 


protection  against  blunders  and  possibly  some  systematic 
errors.  The  error  of  closure  of  this  control  should  be 
slightly  less  than  the  primary  control  used  to  set  up  this 
third-  or  fourth-order  traverse.  As  long  as  the  points 
located  from  this  control  can  meet  the  requirements 
(including  points  far  from  the  control  but  still  within  the 
map  sheet),  then  the  control  is  acceptable.  This  control  is 
considered  to  be  independent  of  the  control  used  to  check 
the  topographic  map. 

3-7.  Plane  Coordinate  Systems 

If  the  project  is  6  miles  or  less,  then  a  flat  plane  can 
represent  all  the  control  points,  although  all  USAGE  proj¬ 
ects  should  be  on  a  SPCS  or  a  UTM  system.  The  only 
exception  is  a  project  datum  (local  plane)  system  used  for 
construction. 

a.  Each  state  in  the  United  States  has  state  plane 
grids  which  stretch  158  miles  or  less  in  a  flat  plane.  Two 
types  of  map  projections  are  typically  used  to  project  the 
curved  earth  surface  onto  a  flat  plane.  States  elongated  in 
the  north-south  direction  typically  adopt  a  Transverse 
Mercator  System.  Eighteen  states  use  this  system  exclu¬ 
sively.  States  which  are  elongated  in  an  east-west  direc¬ 
tion  use  the  Lambert  System.  Thirty-one  states  use  the 
Lambert  System.  The  states  of  Alaska,  Florida,  and  New 
York  use  both  systems.  Also,  Alaska  uses  an  oblique 
Mercator  projection  on  the  southeast  panhandle. 

b.  Another  plane  coordinate  system  used  by  the 
military  or  on  large  civil  projects  is  the  UTM  coordinate 
system.  The  UTM  system  is  divided  into  sixty  (60)  lon¬ 
gitudinal  zones.  Each  zone  is  six  (6)  degrees  in  width 
extending  three  (3)  degrees  on  each  side  of  the  central 
meridian.  The  UTM  system  is  applicable  between  lati¬ 
tudes  84°  N  to  80°  S. 

c.  For  first-  or  second-order  surveys,  all  distances 
will  be  reduced  by  the  first  two  of  the  following 
corrections: 

(1)  Reduction  to  reference  elevation  datum. 

(2)  Scale  factor. 

(3)  Curvature  correction. 

d.  The  horizontal  curvature  correction  is  used  for 
precise  surveys  where  distances  are  measured  in  excess  of 
12  km  (7.5  miles).  The  arc/chord  distance  change  is  less 
than  1  part  per  million  (ppm)  and  is  not  significant  for 
most  USAGE  applications.  NOTE:  The  curvature 
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correction,  if  necessary,  is  applied  to  field-measured  dis¬ 
tances  before  any  other  reductions  or  adjustments  are 
performed.  The  combined  scale  factor  will  be  applied  to 
the  rectangular  coordinates  if  only  one  point  is  held  fixed 
for  the  traverse  adjustment. 

e.  The  vertical  curvature  correction  may  be  signifi¬ 
cant  for  precise  surveys  using  electronic  equipment. 
Optical  levels  used  for  ordinary  survey  work  should  not 
be  affected  by  curvature,  since  a  balanced  shot  to  either 
the  backsight  or  the  foresight  should  not  exceed  300  feet. 

f.  The  first  two  corrections  listed  above,  reference 
elevation  reduction  factor  and  scale  factor,  are  often  com¬ 
bined  in  practice.  The  multiplication  of  these  factors  is 
termed  the  “combined  factor,”  Survey  parties  using  pri¬ 
mary  control  for  construction  stakeout  purposes  need  the 
combined  scale  factor  listed  on  the  particular  construction 
drawing  sheet  being  used  for  the  stakeout.  The  survey 
party  divides  inversed  grid  control  coordinates  by  this 
correction  to  check  measurements  between  the  recovered 
traverse  stations.  If  the  field  measurements  check,  the 
stakeout  proceeds. 

g.  If  any  of  these  corrections  are  applied  to  survey 
measurements,  a  formal  note  must  be  printed  on  all  draw¬ 
ings  depicting  the  horizontal  control.  This  note  shall  be 
the  link  between  the  points  on  the  ground  surface  and  the 
plane  coordinate  system  used  for  the  project. 

3-8.  Scale  Factor  Considerations 

USAGE  projects  typically  use  SPCS  projections,  therefore 
coordinate  problems  may  be  present  in  high  elevation 
locations  or  route  surveys  extending  for  long  distances. 

a.  Projects  in  high  elevations.  For  projects  in  high 
elevations  mapped  to  large  scale,  a  project  datum  may  be 
necessary  to  separate  the  survey  measurements  at  ground 
scale  from  coordinates  reduced  down  to  the  SPCS  projec¬ 
tion.  This  project  datum  eliminates  blunders.  The  term 
“project  datum”  is  used  in  lieu  of  the  term  “local  datum” 
to  mean  the  project  datum  is  not  translated  or  rotated 
from  the  SPCS  orientation.  Local  datums  in  USAGE  can 
be  rotated  to  station  numbers  and  offsets  from  center 
lines. 

b.  Constructing  a  project  datum.  To  construct  a 
project  datum,  a  digital  computer  file  of  SPCS  coordinates 
is  typically  used.  A  large  constant  (number)  is  subtracted 
from  every  northing  and  easting  to  identify  the  coordi¬ 
nates  as  entirely  different  from  the  SPCS  coordinates. 
Next  all  northing  and  eastings  are  divided  by  the  selected 


combined  scale  factor  to  put  the  coordinates  at  the  ground 
scale.  The  project  datum  is  now  established. 

c.  Project  datum  example.  For  a  project  datum 
example,  Figure  3-1  can  be  used  to  illustrate  the  proce¬ 
dure.  The  traverse  stations  labeled  Al,  A2,  A3,...  Cl, 
C2,  C3  may  be  used  to  establish  the  project  secondary 
control.  The  digital  computer  file  of  project  secondary 
coordinates  is  used  to  establish  a  project  datum  for  field 
use.  Say  20,000,000  was  subtracted  from  all  the  north¬ 
ings  and  eastings  to  alert  field  crews  that  this  coordinate 
file  is  not  on  the  SPCS.  Next  the  combined  scale  factor 
of  0.994632  from  Figure  3-1  is  divided  into  all  northings 
and  eastings.  Now  field  crews  can  operate  in  a  project 
datum  without  confusion  about  control  distances  that 
don’t  match  ground  distances.  A  note  shall  be  added 
relating  the  project  datum  back  to  the  SPCS.  The  coordi¬ 
nates  shall  be  titled  “Project  Datum  Coordinates.”  Fig¬ 
ure  3-2  represents  a  worksheet  for  use  in  converting  state 
plane  coordinates  to  project  datum  coordinates. 

d.  Reduction  to  sea  level  Distances  between  geo¬ 
detic  monuments  are  reduced  to  sea  level  for  the  North 
American  Datum  of  1927  (NAD  27).  Sea  level  was  the 
intended  datum  for  North  America,  modeled  from  the 
Clark  1866  spheroid.  The  vertical  datum  used  relative  to 
26  primary  tide  station  local  sea  levels  is  the  National 
Geodetic  Vertical  Datum  of  1929  (NGVD  29).  Distances 
between  geodetic  monuments  of  NAD  83  are  reduced  to 
the  ellipsoid.  The  ratio  used  to  compute  this  scale  factor 
is 

Base  length  /  ground  distance  -  R  /  (R  +  H  N) 
where 

R  is  the  mean  earth  radius  =  20,906,000  feet 

Example:  A  distance  of  1,000.00  feet  is  measured 

between  monuments  where 

Mean  height  (H)  =  2,416.1  feet 

Mean  geoid  height  (N)  =  -58.4  feet 

Ellipsoid  factor 

=  R/(R+H  +  N) 

=  20,906,000/(20,906,000  +  2,416.1  +  -58.4) 

-  20,906,000/20,908,357.7  =  0,99988724 
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Figure  3-1.  Primary,  secondary  project  control 


Therefore 

Base  length  =  ground  distance  *  ellipsoid  factor 
=  1000  feet  *  0.99988724 
==  999.89  feet 

e.  Scale  is  the  grid  distance  divided  by  the  geodetic 
distance. 

Scale  factor  =  grid  distance  /  ground  distance 

The  grid  distance  is  the  scale  factor  times  the  geodetic 
distance.  Scale  factors  may  be  less  than,  equal  to,  or 
greater  than  1.0.  Lambert  Conic  projections  vary  scale  in 
the  north-south  direction.  UTM  and  Transverse  Mercator 
(TM)  projections  vary  in  the  east-west  direction. 

3-9.  Control  Checks 

If  the  existing  control  is  geodetic,  the  lengths  between  the 
monuments  will  have  been  reduced  to  reference  vertical 


datum.  The  azimuth  between  them  will  be  a  geodetic 
azimuth  and  any  reference  monuments  in  the  vicinity  will 
have  geodetic  azimuths.  Field  checks  will  require  correc¬ 
tions  to  the  measurements  in  many  cases.  For  high  eleva¬ 
tions,  distances  could  measure  longer  by  a  tenth  or  more 
in  a  thousand  feet. 

a.  Coordinate  transformations.  Differential  GPS 
units  can  measure  the  distance  between  two  points  based 
on  the  datum  selected  in  the  GPS  receiver  unit.  A  three- 
dimensional  vector  is  established  between  the  master 
station  and  the  remote.  The  initial  computation  in  both 
receivers  is  based  on  the  WGS-84  ellipsoid  and  the  Carte¬ 
sian  vector  relationship  from  the  earth-center  to  each  unit. 
Vector  subtraction  between  the  earth-center  vectors  pro¬ 
vides  the  WGS  84  Cartesian  vector  between  the  units. 
Any  errors  are  assumed  to  be  subtracted  out  during  this 
process.  Further  coordinate  transformations  provide  the 
geographic  coordinate  based  on  the  map  projection 
parameters. 
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b.  Vertical  component.  The  vertical  component  of  a 
GPS  position  is  usually  converted  to  a  vector  component 
in  the  normal  direction  to  the  surface  at  the  receiver.  The 
surface  is  the  ellipsoid,  not  the  geoid.  At  any  point,  the 
ellipsoid  will  generally  be  different  than  the  geoid  (mean 
sea  level  with  undulations)  or  the  elevation  where  the 
measurements  are  taken. 

c.  Closed  loop  traverse.  The  first  step  in  checking  a 
closed  traverse  is  the  addition  of  all  angles.  Interior 
angles  are  added  and  compared  to  (n-2)'^18(f.  Exterior 
angles  are  added  and  compared  to  (n-^2)*18(f.  Deflection 
angle  traverses  are  algebraically  added  and  compared  to 
360°.  The  allowable  misclosure  depends  on  the  instru¬ 
ment,  the  number  of  traverse  stations,  and  the  intention 
for  the  control  survey. 

c=K*  n^^ 
where 

c  =  allowable  misclosure 

K  =  fraction  of  the  least  count  of  the  instrument, 
dependent  on  the  number  of  repetitions  and  accu¬ 
racy  desired  (typically  30"  for  third-order  and 
60"  for  fourth-order) 

n  =  number  of  angles 

Exceeding  this  value,  given  the  parameters,  may  indicate 
some  other  errors  are  present,  of  angular  type,  in  addition 
to  the  random  error.  The  angular  error  is  distributed  in  a 
manner  suited  to  the  party  chief  before  adjustment  of 
latitude  and  departures.  Adjustment  of  latitudes  and 
departures  is  the  accepted  method  in  the  USAGE.  If  GPS 
is  used,  latitude,  departures,  and  adjusted  line  lengths  are 
computed  after  adjustment  to  obtain  the  error  of  closure 
and  the  relative  point  closure.  The  relative  point  closure 
is  obtained  by  dividing  the  error  of  closure  (Ec)  by  the 
line  lengths. 

Relative  point  closure  =  of  the  distances 

d.  Closed  traverse  between  two  known  control 
points.  In  order  to  establish  a  solid  field  technique,  the 
initial  azimuth  shall  be  checked  in  the  field  with  GPS  or 
astronomic  observations  before  this  type  of  traverse  is 
continued.  The  extra  time  in  minutes  will  save  many 
work-hours  of  re-computation  if  the  beginning  or  ending 
azimuth  is  not  in  the  same  meridian  alignment. 


(1)  The  surveyor  may  decide  to  hold  both  ends  of 
the  traverse  as  fixed  and  only  adjust  the  measurements  in 
between.  The  misclosure  between  the  two  fixed  points 
provides  the  expected  error  at  the  distance  from  the  first 
control  point.  The  surveyor  holds  one  control  point  fixed 
and  proportionally  spreads  (prorates)  error  between  the 
points  into  the  cross  traverse  as  a  fraction  of  the  distance 
between  the  control  points.  The  assumed  error  of  the 
misclosure  between  the  control  points  must  be  within  the 
allowable  limits  of  error  for  this  procedure.  For  example, 
if  control  is  in  state  plane  coordinates  (Third-Order, 
Class  I)  then  the  closure  must  be  at  least  1:10,000.  If  a 
traverse  has  legs  which  add  up  to  8764.89  feet  then 

8,765-foot  length  *  (I -foot  E^)  /  (10,000-foot  length) 

-  0.88  foot  of  allowable  E^ 

(2)  The  procedure  for  adjusting  this  type  of  traverse 
begins  with  angular  error  just  as  in  a  loop  traverse.  To 
determine  the  angular  error  a  formula  is  used  to  general¬ 
ize  the  conversion  of  angles  into  azimuth.  The  formula 
takes  out  the  reciprocal  azimuth  used  in  the  backsight  as 
(n-1)  stations  used  the  back-azimuth  as  a  backsight  in 
recording  the  angles. 

^;  +  tty  +  +  ...  +  oc„  -  (n-l)(I8(f)  =  A2 

(3)  If  the  misclosure  is  exceeded,  the  angular  error 
may  have  been  exceeded  or  the  beginning  and  ending 
azimuths  are  in  error  or  oriented  in  different  meridian 
alignments. 

(4)  GPS  points  can  aid  the  closure  process  by  estab¬ 
lishing  point  pairs  at  the  endpoints  with  conventional 
surveys  between  the  point  pairs.  Do  not  exceed  15  km  in 
distance  from  the  master  station  to  the  point  pairs.  Also, 
separate  the  point  pairs  by  a  distance  of  at  least  400  m  to 
make  the  constant  GPS  error  (cm  ±  ppm)  insignificant.  If 
GPS  is  not  available,  sun  shots  can  be  taken  at  both  ends 
of  the  traverse.  The  sun  shot  will  only  establish  an 
azimuth  reference  where  GPS  provides  azimuth  and  posi¬ 
tion  with  point  pairs, 

(5)  If  beginning  and  ending  azimuths  were  taken 
from  two  traverses,  and  the  angle  repetitions  were  found 
to  be  at  least  an  order  of  magnitude  better  than  the  tabu¬ 
lated  angular  error,  the  ending  azimuths  may  contain  a 
constant  error  which  may  be  removed  to  improve  the 
allowable  error.  GPS  or  astronomic  observations  may  be 
used  to  find  the  discrepancy  if  the  benefit  of  this 
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procedure  is  worth  the  extra  cost  of  the  improved  traverse 
to  the  total  project  costs. 

(6)  The  beginning  and  ending  azimuths  are  measured 
and  converted  to  grid.  The  check  grid  azimuth  may  then 
be  compared  to  the  grid  azimuth  of  the  traverse  (if  the 
traverse  was  in  grid). 

£  =  measured  -  true 

Aa  =  recorded  azimuth  -  GPS  azimuth 

AcLbk  -  ~  ^ 

true  ~  measured  -  £ 

(7)  The  error  is  algebraically  subtracted  from  the 
angle  misclosure.  The  absolute  value  of  the  misclosure 
should  be  less  than  the  initial  misclosure  because  of  exter¬ 
nal  plus  internal  error.  This  new  misclosure  is  checked 
against  the  allowable  error.  If  the  misclosure  is  now 


acceptable,  proceed  with  adjustment.  The  angular  misclo¬ 
sure  is  spread  as  a  cumulative  azimuth  error  from  the 
beginning  or  ending  station.  For  example,  if  the  angular 
misclosure  was  2  minutes  in  excess  of  the  above  formula, 
and  nine  angles  were  recorded,  then 

2  minutes  *  (60  seconds  / 1  minute)  *  (1/9)  angles 
~  1333  seconds  per  station 

Subtract  (13.3)(1)  =  13  seconds  from  azimuth  1 

Subtract  (13.3)(2)  =  27  seconds  from  azimuth  2 

Subtract  (13.3)(3)  =  40  seconds  from  azimuth  3 


Subtract  (13.3)(9)  =  120  seconds  =  2  minutes  from 
azimuth  9 

Note:  The  significance  of  seconds  depends  on  the  least 
count  of  the  instrument. 


3-8 


EM  1110-1-1005 
31  Aug  94 


Chapter  4 

Topographic  Survey  Techniques 


4-1.  General 

This  chapter  outlines  the  most  common  field  techniques 
used  in  performing  topographic  surveys.  The  primary 
focus  is  on  electronic  plane  table  methods  and  electronic 
total  station  techniques.  Transit  station  methods  are  rarely 
used  and  they  are  not  covered.  Photogrammetric  methods 
of  acquiring  topographic  data  are  covered  in  EM  1110>1- 
1000.  Kinematic  GPS  topographic  surveying  methods  are 
covered  in  EM  1110-1-1003.  GPS  and  total  station 
equipment  usage  is  the  best  combination  for  topographic 
map  production.  This  chapter  focuses  on  topographic 
surveying  techniques  used  for  detailing  large-scale  site 
plan  maps  for  engineering  and  construction, 

4-2.  Engineering  Site  Plan  Surveys 

An  engineering  site  plan  survey  is  a  topographic  (and,  if 
necessary,  hydrographic)  survey  from  which  a  project  is 
conceived,  justified,  designed,  and  built.  The  methods 
used  in  performing  an  engineering  survey  can  and  some¬ 
times  will  involve  all  of  the  equipment  and  techniques 
available.  Photogrammetry  may  be  used  to  produce  maps 
of  almost  any  scale  and  corresponding  contour  interval. 
Profiles  and  cross  sections  may  also  be  obtained  from 
aerial  photos.  The  accuracy  of  the  photogrammetric  prod¬ 
uct  varies  with  the  contour  interval  and  must  be  consid¬ 
ered  when  planning  such  a  project. 

a.  The  plane  table  and  alidade  may  be  used  to  pro¬ 
duce  maps  in  the  field.  A  blank  map  upon  which  control 
points  and  grid  ticks  have  been  plotted  is  mounted  on  the 
plane  table.  The  table  is  mounted  on  a  low  tripod  with  a 
specially  made  head.  The  head  swivels  so  that  it  can  be 
leveled,  locked  in  the  level  position,  and  then  be  rotated 
so  that  the  base  map  can  be  oriented.  The  base  map  is  a 
scaled  plot  of  the  ground  control  stations.  Thus,  with  the 
table  set  up  over  one  of  the  stations,  it  can  be  rotated  so 
that  the  plotted  stations  lie  in  their  true  orientation  relative 
to  the  points  on  the  ground.  Spot  elevations  and  located 
features  are  usually  located  with  an  alidade  which  uses 
stadia  to  determine  distance.  The  error  of  a  map  pro¬ 
duced  with  a  plane  table  and  alidade  varies  across  the 
map  as  the  error  in  stadia  measurements  varies  with  dis¬ 
tance.  Horizontal  errors  may  range  from  0,2  foot  at 
300  feet  to  10  feet  or  more  at  1,000  feet.  Since  the  eleva¬ 
tion  of  the  point  is  determined  from  the  stadia  measure¬ 
ment,  relative  errors  in  the  vertical  result. 


b.  Transit  tape  topographic  surveys  can  be  used  to 
locate  points  from  which  a  map  may  be  drawn.  The 
method  generally  requires  that  all  observed  data  be 
recorded  in  a  field  book  and  the  map  plotted  in  the  office. 
Angles  from  a  known  station  are  measured  from  another 
known  station  or  azimuth  mark  to  the  point  to  be  located 
and  the  distance  from  the  instrument  to  the  point.  The 
elevation  of  the  point  is  determined  by  stadia  or  other 
means  such  as  chaining  or  electronic  distance  measure¬ 
ment  (EDM)  and  differential  leveling.  The  accuracy  may 
be  slightly  better  than  the  plane  table-alidade  method  or 
very  high  (0.1  foot  or  less)  depending  upon  the  equipment 
combinations  used.  Transit  tape  topographic  survey  meth¬ 
ods  are  rarely  employed  and  are  not  covered  in  this  man¬ 
ual.  Procedures  for  performing  transit  tape  topographic 
surveys  can  be  found  in  older  survey  texts. 

c.  If  there  is  extreme  congestion,  the  plane  table  is 
often  used  in  combination  with  transit  tape.  In  this  case, 
points  are  plotted  as  they  are  located.  The  advantage  of 
the  plane  table,  namely  the  developing  map,  at  the  jobsite 
does  away  with  the  disadvantage  of  transit  tape  (angle 
distance)-the  absence  of  the  real  view  while  the  map  is 
being  produced.  The  accuracy  of  the  combined  method  is 
usually  very  high  as  equipment  combinations  are  gener¬ 
ally  used  that  yield  the  best  results.  Oftentimes  theodol¬ 
ite,  EDM,  and  direct  leveling  are  used  to  locate  the  point. 

±  The  last  and  most  commonly  employed  method 
is  the  total  station.  The  remainder  of  this  chapter  dis¬ 
cusses  field  topographic  survey  techniques  using  plane 
table  and  electronic  total  station  methods. 

4-3.  Utility  Surveys 

a.  Definition,  Utility  surveys  can  be  of  several 
types,  but  principally  they  can  be  divided  into  two  major 
types.  One  type  is  the  layout  of  new  systems,  and  the 
other  type  is  the  location  of  existing  systems.  The  man¬ 
ual  confines  the  definition  of  utilities  to  mean  communi¬ 
cations  lines,  electrical  lines,  and  buried  pipe  systems 
including  gas,  sewers,  and  water  lines.  The  layout  of  new 
systems  can  be  described  as  a  specialized  type  of  route 
surveying,  in  that  they  have  alignment  and  profiles  and 
rights-of-ways  similar  to  roads,  railroads,  canals,  etc.  In 
reality  utilities  are  transportation  systems  in  their  own 
right.  Utilities  are  special  in  that  they  may  have  problems 
regarding  right-of-way  above  or  below  ground.  This 
section  does  not  cover  route  layout  for  utilities  since  route 
surveying  principles  are  covered  in  a  following  chapter. 
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b.  Uses.  A  great  portion  of  utility  surveying  is  the 
location  of  existing  utilities  for  construction  planning, 
facility  alteration,  road  relocations,  and  other  similar  proj¬ 
ects.  This  is  a  very  important  part  of  the  preliminary 
surveys  necessary  for  most  of  these  projects. 

c.  Techniques.  Utilities  are  usually  located  for 
record  by  tying  in  their  location  to  a  baseline  or  control 
traverse.  It  may  be  more  convenient  to  locate  them  with 
relation  to  an  existing  structure,  perhaps  the  one  that  they 
serve. 

(1)  Aboveground  utilities  are  usually  easily  spotted 
and  are  a  bit  easier  to  locate  than  the  buried  variety. 
Therefore,  they  should  present  little  difficulty  in  being 
tied  to  existing  surveys.  Pole  lines  are  easy  to  spot  and 
tie  in.  Consulting  with  local  utility  companies  before  the 
survey  has  begun  will  save  much  work  in  the  long  run. 
Any  plats,  plans,  maps,  and  diagrams  that  can  be  assem¬ 
bled  will  make  the  work  easier.  If  all  else  fails,  the  mem¬ 
ory  of  a  resident  or  nearby  interested  party  can  be  of  great 
help. 

(2)  Proper  identification  of  utilities  sometimes  takes 
an  expert,  particularly  regarding  buried  pipes.  There  are 
many  types  of  wire  lines  on  poles  in  this  modem  age  of 
electronics;  this  also  can  lead  to  identification  problems. 
Where  once  only  power  and  telephone  lines  were  of  con¬ 
cern,  now  cable  TV,  burglar  alarms,  and  maybe  even 
other  wire  line  types  must  be  considered.  Much  resource¬ 
fulness  is  required  to  identify  the  modem  maze  of 
utilities. 

(3)  The  location  of  underground  utilities  by  digging 
or  probing  should  be  undertaken  only  as  a  last  resort,  and 
then  only  with  the  approval  and  supervision  of  the  com¬ 
pany  involved.  Some  techniques  that  work  are  the  use  of 
a  magnetic  locator,  a  dip  needle,  or  even  “witching”  for 
pipes  or  lines  underground. 

4-4.  As-Built  Surveys 

a.  Definition:  As-built  surveys  are  surveys  compiled 
to  show  actual  condition  of  completed  projects  as  they 
exist  for  record  purposes  and/or  pa3mient.  Since  many 
field  changes  occur  during  constmction,  both  authorized 
and  clandestine,  surveys  are  regularly  completed  to  check 
the  project  against  plans  and  specifications. 

b.  Requirements.  As-built  surveys  are  usually  a 
modified  version  of  the  preliminary  survey  that  was  origi¬ 
nally  required  to  plan  the  project.  This  is  particularly  tme 
of  road,  railroad,  or  watercourse  relocation  projects. 


These  projects  are  all  of  the  route  survey  nature.  The 
as-built  survey,  out  of  necessity,  is  this  type  also.  Typical 
items  checked  are: 

•  Alignment 

•  Profile  or  grade 

•  Location  of  drainage  stmctures 

•  Correct  dimensions  of  stmctures 

•  Orientation  of  features 

•  Earthwork  quantities,  occasionally 

c.  Methodology.  For  route-survey-type  projects  a 
traverse  is  usually  mn  and  major  features  of  the  curve 
alignment  are  checked.  Profiles  may  be  mn  with  particu¬ 
lar  attention  paid  to  sags  on  paved  roads  or  other  areas 
where  exact  grades  are  critical.  Major  features  of  road 
projects  that  are  often  changed  in  the  field  and  will 
require  close  attention  are  drainage  stmctures.  It  is  not 
uncommon  for  quickly  changing  streams  to  require  modi¬ 
fication  of  culvert  design.  Therefore,  culvert  and  pipe 
checks  are  critical.  Typical  items  that  should  be  checked 
for  all  major  drainage  stmctures  are: 

•  Size  (culverts  may  not  be  square). 

•  Skew  angle  (several  systems  in  use). 

•  Type  or  nomenclature  (possibly  changed  from 
plans). 

•  Flow  line  elevations  are  very  important  and 
should  be  accurately  checked. 

•  Station  location  of  stmcture  center  line  with 
regard  to  traverse  line  should  be  carefully  noted. 

(1)  Utilities  that  have  been  relocated  should  be  care¬ 
fully  checked  for  compliance  with  plans  and  specifica¬ 
tions.  Incorrect  identification  of  various  pipes,  tiles,  and 
tubes  can  result  in  difficulties.  Since  the  subject  is  some¬ 
what  complicated  it  is  important  to  keep  track  of  this  type 
of  information  for  the  future. 

(2)  Project  monumentation  is  sometimes  a  require¬ 
ment  of  as-built  surveys  since  it  is  common  to  monument 
traverse  lines  and  baselines  for  major  projects.  Their 
location  should  be  checked  for  accuracy.  In  many  areas  it 
is  common  for  such  monumentation  to  be  done  by 
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maintenance  people  who  are  not  at  all  familiar  with  sur¬ 
veying  and  therefore  the  work  is  not  always  as  accurate  as 
would  be  desired. 

Section  I.  Plane-Table  Surveys 

4-5.  General 

The  Egyptians  are  said  to  have  been  the  first  to  use  a 
plane  table  to  make  large-scale  accurate  survey  maps  to 
represent  natural  features  and  man-made  structures. 
Because  of  our  familiarity  with  maps  it  is  easy  for  us  to 
stand  on  a  site  with  a  scaled  map,  orient  it  in  the  direction 
of  the  features  on  the  ground,  and  accurately  picture  our¬ 
selves  on  the  map  and  on  the  ground  itself  The  survey 
map  is  the  basic  starting  element  of  a  civil  engineering 
project.  Plane  table  surveying  has,  for  most  purposes, 
been  replaced  by  aerial  photogrammetry  and  total  stations, 
but  the  map  is  still  similar.  The  plane  table  is  well  suited 
for  irregular  topography  existing  in  natural  landscapes. 
Man-made  symmetric  landscapes  such  as  cities  and  mili¬ 
tary  installations  are  more  suited  to  total  station  or  transit- 
tape  methods.  One  advantage  the  plane  table  has  over  the 
transit-tape  point  locations  is  the  accuracy  of  contour  lines 
drawn  by  an  experienced  surveyor.  The  surveyor  will 
interpolate  enough  controlling  points  to  find  the  contours. 
Parts  of  contours  are  artistically  drawn  to  capture  the 
actual  landscape  without  having  to  locate  the  focus  of 
points  describing  a  trace  contour.  The  topographic  map  is 
finished  in  the  field  by  plane  table  method.  Digitizing 
plane  table  sheets  from  experienced  topographers  provides 
more  accurate  contours  than  contours  interpolated  from 
point  location.  The  plane  table  method  can  also  be  used 
to  spot-check  existing  maps  with  small  scales  (less  than 
1”  =  100’).  Allow  for  paper  shrinkage  due  to  ambient 
outdoor  weather  conditions.  Plot  digital  maps  on  fresh 
mylar  to  avoid  this  problem. 

4-6.  Plane-Table  Topography 

A  topographic  survey  is  made  to  determine  the  shape  or 
relief  of  part  of  the  earth’s  surface  and  the  location  of 
natural  and  artificial  objects  thereon.  The  results  of  such 
a  survey  are  shown  on  a  topographic  map.  A  plane  table, 
telescopic  alidade,  and  stadia  rod  are  used  to  locate  the 
required  points,  and  they  are  plotted  on  the  plane  table 
sheet  as  the  measurements  are  made.  The  use  of  the 
plane  table  method  in  obtaining  topography  affords  the 
following  advantages: 

a.  The  terrain  being  in  view  of  the  topographer 
reduces  the  possibility  of  missing  important  detail. 


b.  Detail  can  be  sketched  in  its  proper  position  on 
the  plane  table  sheet  from  a  minimum  of  measurements. 
This  applies  especially  to  the  representation  of  relief 
where  the  contour  lines  can  be  sketched  between  plotted 
points. 

c.  A  greater  area  can  be  accurately  mapped  in  a 
given  period  of  time. 

d.  Triangulation  can  be  accomplished  graphically  to 
avoid  office  computation. 

e.  Office  work  is  reduced  to  a  minimum. 

4-7.  Plane-Table  Triangulation 

Plane-table  triangulation  consists  of  the  location  of  many 
points  on  a  plane-table  sheet  through  the  use  of  the 
so-called  pure  plane-table  methods.  These  involve  only 
the  use  of  the  plane  table  and  alidade,  and  in  theory  the 
operations  may  be  executed  by  one  man.  In  practice  one 
or  more  systems  are  employed  and  auxiliary  methods  such 
as  stadia  are  used.  The  area  that  is  to  be  mapped  is  out¬ 
lined  on  the  plane-table  sheet  by  means  of  a  projection  on 
which  the  initial  horizontal-control  points  have  been  plot¬ 
ted.  Plane-table  triangulation  starts  from  these  control 
points,  and  by  means  of  a  plane-table  method  of  intersec¬ 
tion  and  resection  the  necessary  points  on  which  to  tie  the 
topographic  details  of  the  map  are  “cut-in”  or  located  on 
the  plane-table  sheet. 

a.  Equipment.  The  plane  table  consists  essentially 
of  a  drawing  board  that  is  supported  by  a  tripod  and  used 
in  connection  with  an  alidade.  The  board  can  be  leveled 
and  also  turned  in  any  horizontal  position  and  can  be 
clamped  when  properly  set.  When  in  use  the  plane  table 
and  its  support  must  never  move.  Once  set  or  oriented 
the  greatest  care  must  be  taken  that  the  position  is  not 
disturbed.  The  topographer  must  not  lean  on  it  or  against 
it. 

b.  Setup.  After  leveling  the  plane  table  place  the 
alidade  on  a  line  connecting  the  station  occupied  with  one 
of  the  triangulation  points  farthest  away.  Revolve  the 
table  until  the  farthest  signal  is  bisected  by  the  vertical 
wire  of  the  alidade  and  clamp  the  table.  Verify  the  orien¬ 
tation  by  sights  to  additional  visible  triangulation  stations. 
Now  make  the  circuit  of  the  horizon  systematically  and 
take  foresights  to  prominent  objects,  such  as,  signals, 
towers,  chimneys,  flagpoles,  monuments,  church  steeples, 
and  definite  points  on  schoolhouses,  dwellings,  bams, 
trees,  or  spurs.  Draw  the  lines  of  sight  with  a  chiseled 
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edged  9H  pencil  along  the  square  edge  of  the  alidade, 
being  careful  always  to  hold  the  pencil  at  the  same  angle 
and  to  see  that  the  contact  of  rule  and  paper  is  perfect. 
Get  azimuths  of  long  straight  stretches  of  roads  and  rail- 
roads  whenever  possible.  Stadia  may  well  be  used  to 
locate  road  forks  or  objects  in  the  immediate  vicinity  of 
the  station.  From  time  to  time  while  making  observations 
and  on  the  completion  of  the  work  at  each  station,  check 
the  orientation  of  the  plane  table  in  order  to  see  if  there 
has  been  any  movement. 

c.  Vertical  angles.  After  all  the  sights  have  been 
taken  adjust  the  level  of  the  alidade  and  read  vertical 
angles  to  the  points  whose  elevations  are  desired.  Angles 
that  are  read  to  the  principal  control  points  in  this  scheme 
should  be  checked. 

d.  Station  elevation.  The  elevation  of  each  plane- 
table  station  should  be  determined  by  means  of  vertical 
angles  taken  either  to  specifically  located  benchmarks  or 
to  other  plane-table  stations  whose  elevation  has  been 
previously  determined.  In  general,  the  principal  stations 
from  which  the  greatest  number  of  vertical  angles  are  to 
be  taken  should  be  connected  by  means  of  reciprocal 
vertical  angles  taken  under  differing  conditions.  The  final 
elevation  of  each  station  in  the  net  should  be  determined 
by  means  of  a  weighted  adjustment  of  the  observed  differ¬ 
ences  in  elevation.  In  measuring  important  vertical 
angles,  such  as  those  to  other  stations  or  to  points  on  level 
lines,  all  readings  should  be  checked  by  reversing  both 
level  and  telescope  and  by  using  different  positions  of  the 
vertical  arc.  This  can  be  accomplished  by  placing  a  plot¬ 
ting  scale  or  some  other  flat  object  under  one  end  of  the 
alidade  ruler. 

e.  Records  and  computations.  Plane-table  stations 
may  be  designated  in  the  same  manner  as  traverse  sta¬ 
tions.  Such  designations  should  be  written  on  the  plane- 
table  sheet  and  also  entered  in  a  suitable  notebook.  A 
brief  description  of  objects  sighted  may  be  noted  on  the 
plane-table  sheet  and  written  along  the  line  of  sight. 
Complete  descriptions  should  be  recorded  in  the  notes. 
The  notebook  should  also  contain  the  vertical-angle 
records. 

(1)  Distances  between  stations  and  located  points 
whose  differences  in  elevation  are  to  be  computed  will  be 
scaled  by  means  of  a  boxwood  scale  provided  for  the 
purpose  and  graduated  for  the  field  scale.  Computation  of 
differences  in  elevation  is  facilitated  by  the  use  of  pre¬ 
pared  tables.  Care  should  be  exercised  in  noting  and  in 
allowing  for  the  height  above  ground  for  both  the  alidade 


and  the  point  sighted.  The  proper  corrections  for  the 
refraction  should  be  applied  whenever  appropriate. 

(2)  When  the  work  on  the  initial  station  is  finished 
repeat  the  operation  on  the  station  at  the  other  end  of  the 
base  and  on  as  many  additional  stations  as  may  be  neces¬ 
sary  to  complete  the  work.  If  practical,  all  triangulation 
stations  that  have  been  plotted  on  the  sheet  should  be 
occupied.  The  point  of  intersection  of  the  lines  drawn  to 
same  objects  determines  its  location,  but  all  intersections 
should  be  verified  by  a  sight  from  a  third  position.  Addi¬ 
tional  stations  may  be  made  at  intersected  points,  at  points 
to  each  of  which  a  single  foresight  has  been  drawn  on  the 
plane  table  sheet,  and  at  points  whose  locations  may  be 
determined  by  the  “three  point  method.”  Figure  4-1  illus¬ 
trates  this  method. 

f.  Suggestions.  A  signal  should  be  erected  where 
necessary  to  mark  the  place  of  a  station  for  future  refer¬ 
ence.  Care  should  be  taken  to  prolong  on  the  plane-table 
sheet  a  line  that  may  later  be  used  for  an  orientation.  In 
areas  of  great  relief  and  difficult  access  every  opportunity 
should  be  taken  to  contour  topographic  features.  These 
include  bottoms  of  canyons,  rock  exposures  along  canyon 
walls,  and  ground  surfaces  in  heavily  timbered  areas. 


Figure  4-1.  Resection  -  orientation  by  backsighting 

4-8.  Plane-Table  Resection 

a.  The  location  of  a  plane-table  station  may  be 
obtained  by  the  method  of  resection  (Figure  4-1),  which  is 
stronger  than  the  three-point  method.  Location  by  resec¬ 
tion  involves  two  separate  operations  performed  on  two 
different  stations,  and  in  practice  any  length  of  time  may 
lapse  between  the  two  operations.  The  resection  method 
is  of  limited  use  since  it  involves  a  foresight  from  a 
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previous  station  and  the  erection  of  a  signal  on  the  pro¬ 
posed  station  point  or  the  positive  identification  afterward 
of  a  point  or  direction  sighted.  Foresight  lines  that  are  to 
be  used  for  a  location  by  resection  should  be  drawn  on 
the  plane-table  sheet  exactly  through  the  point  repre¬ 
senting  the  station  from  which  the  sights  are  taken  and  to 
the  full  length  of  the  alidade  ruler.  The  line  through  the 
point  representing  the  occupied  station  should  be  light  and 
care  should  be  taken  to  hold  the  chiseled  pencil  point 
directly  against  the  ruler.  The  foresight  line  need  only  be 
drawn  through  the  approximate  position  of  the  new  station 
and  at  the  extreme  end  of  the  ruler.  Doing  so  will  avoid 
adding  unnecessary  lines  to  the  sheet.  After  drawing  the 
line  look  through  the  telescope  again  and  test  the  plane- 
table  orientation  to  ensure  that  the  table  has  not  moved. 
Similar  foresight  should  be  taken  when  considering  per¬ 
spective  station  points  whose  locations  may  be  obtained 
at  some  future  time  by  resection. 

b.  To  locate  a  new  station  which  is  being  occupied 
and  to  which  a  long  foresight  has  been  previously  drawn, 
orient  the  plane-table  sheet  by  placing  the  alidade  ruler  in 
the  reverse  direction  of  the  line  sighted.  Swing  the  plane- 
table  board  until  the  station  from  which  the  foresight  is 
drawn  is  seen  behind  the  center  wire  and  clamp  the  plane- 
table  board.  The  station  being  occupied  is  on  this  fore¬ 
sight  line.  The  location  is  determined  by  resection  from 
other  plane-table  stations  whose  directions  are  most  nearly 
at  right  angles  to  the  foresight  line  that  they  are  to  inter¬ 
sect  and  whose  distance  is  less  than  that  of  the  station 
from  which  the  foresight  line  was  drawn.  Center  the  ruler 
on  the  plotted  position  of  one  of  these  stations.  Swing  the 
telescope  until  the  signal  mark  at  that  station  is  behind  the 
center  wire  and  draw  a  line  against  the  ruler  to  intersect 
the  foresight  line.  The  intersection  marks  the  location  of 
the  occupied  station.  The  intersection  should  be  checked 
by  at  least  one  other  resection  from  another  station.  The 
two  resected  lines  should  cross  the  foresight  line  at  the 
same  point. 

4-9.  Plane-Table  Two-Point  Problem 

In  Figure  4-2,  a  and  b  are  the  plotted  positions  of  visible 
inaccessible  control  stations  A  and  B.  It  is  desired  to 
locate  and  orient  the  plane  table  at  an  unplotted  station  C. 
Use  the  following  procedure: 

a.  Select  an  auxiliary  point  D  where  the  resection 
lines  from  A  and  B  will  give  a  strong  intersection  (greater 
than  30°).  D  must  be  located  with  respect  to  C  so  that 
cuts  on  A  and  B  from  C  and  D  will  also  give  strong 
intersections. 


b.  Set  up  the  plane  table  at  point  D  and  orient  by 
eye  or  with  a  compass. 

c.  Resect  on  A  and  B.  The  intersection  of  these 
resection  lines  is  d’,  the  tentative  position  D. 


d.  Draw  a  ray  from  d’  toward  C.  Plot  the  point  c’ 
on  this  ray  at  a  distance  from  d’  corresponding  to  the  esti¬ 
mated  distance  from  D  to  C. 

e.  Set  up  the  plane  table  at  point  C  and  orient  by  a 
backsight  on  D.  The  error  in  this  orientation  is  the  same 
in  magnitude  and  direction  as  it  was  at  D. 

/  Sight  on  A  and  draw  the  ray  through  c’  inter¬ 
secting  the  line  ad’  at  a’.  In  a  like  manner,  sight  B  to 
obtain  b’. 

g.  Quadrilateral  a’b’d’c’  is  similar  to  ABDC  as  the 
line  a’b’  will  always  be  parallel  to  the  line  AB,  the  error 
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in  orientation  will  be  indicated  by  the  angle  between  line 
ab  and  a’b’.  To  correct  the  orientation,  place  the  alidade 
on  the  line  a’b’  and  sight  on  a  distinctive  distant  point. 
Then  place  the  alidade  on  the  line  ab  and  rotate  the  plane 
table  to  sight  again  on  this  point.  The  plane  table  is  now 
oriented  and  resection  on  A  and  B  through  points  a  and  b 
establishes  the  position  of  the  desired  point  C, 

4-10.  Plane-Table  Traverse 

a.  Traversing  consists  of  much  more  than  getting 
direction  and  distance,  though  these  are  absolutely  essen¬ 
tial  features.  All  essential  topographic  features  on  each 
side  of  the  line  are  to  be  obtained  at  the  time  the  traverse 
is  made. 

b.  Accuracy  of  the  plane-table  traverse  depends  on 
two  factors:  obtaining  and  plotting  of  distances  and  the 
orientation  of  the  plane  table. 

c.  Distances  are  obtained  by  stadia  or  tape,  and  the 
orientation  is  made  by  magnetic  needle  by  backsight  and 
foresight. 

d.  When  the  needle  is  used  the  accuracy  of  the 
orientation  is  dependent  on  the  freedom  from  local  attrac¬ 
tion  and  the  length  of  the  needle.  For  these  reasons  it  is 
necessary  to  avoid  the  use  of  the  compass  near  railroads, 
electric  transmission  lines,  or  large  bodies  of  steel  or  iron, 
and  in  volcanic  regions.  No  plotted  line  should  be  greater 
than  the  length  of  the  needle. 

e.  The  method  employed  in  determining  distances 
will  be  governed  by  the  character  of  the  country  and  the 
scale  of  the  work.  Traverse  lines  should  be  run  along 
roads,  ridges  or  streams,  or  at  intervals  in  timbered  coun¬ 
try  when  necessary.  When  the  needle  is  used  to  set  up 
alternate  stations,  intermediate  stations  should  be  used  as 
turning  points. 

/  Streams  near  the  roads  should  be  mapped  as 
accurately  as  the  skill  and  experience  of  the  topographer 
will  permit. 

g.  When  traversing  railroads,  frequent  locations  by 
the  three-point  method  should  be  made  whenever  possible. 
The  line  should  be  extended  by  means  of  foresights  and 
backsights.  If  this  is  not  practical  and  it  becomes  neces¬ 
sary  to  rely  on  a  needle,  it  is  important  to  set  up  the  plane 
table  a  sufficient  distance  from  the  rails  to  prevent  their 
influence  on  the  needle.  The  distances  can  be  obtained 
advantageously  by  measuring  a  rail  and  counting  the 
number  of  rails  between  stations. 


h.  To  properly  plot  a  new  station  place  the  frac¬ 
tional  scale  division  on  the  old  point.  Then  prick  the  new 
station  with  a  needle  at  the  even  division  at  the  end  of 
scale.  This  operation  should  be  performed  with  great  care 
since  more  closure  errors  are  attributed  to  careless  plotting 
than  to  any  other  cause. 

4-11.  Plane-Table  Stadia  Traverse 

When  using  plane  table  and  stadia  traverse,  instrumental 
measurement  of  the  distances  in  elevation  gives  sufficient 
control  to  permit  considerable  sketching  to  be  done  on 
either  side  of  the  line.  Wherever  possible,  as  in  regions 
of  low  relief,  elevations  should  be  determined  by  using 
the  alidade  as  a  level  and  a  rod  as  a  level  rod. 

4-12.  Plane-Table  Three-Point  Orientation 

The  three-point  method  involves  orienting  the  plane  table 
and  plotting  a  station  when  three  stations  (established 
control)  can  be  seen  but  not  conveniently  occupied.  The 
following  procedures  should  be  used: 

a.  Set  up  the  plane  table  at  the  unknown  point  P 
(Figure  4-3)  and  orient  by  eye  or  compass. 

b.  Draw  rays  to  the  known  points  A,  B,  and  C. 
These  rays  intersect  at  three  points  (ab,  be,  and  ac)  form¬ 
ing  a  triangle  known  as  the  Mangle  of  error.  The  point 
ab  denotes  the  intersect  of  the  ray  to  A  with  the  ray  to  B. 
Points  be  and  ac  are  similar  in  their  notation.  If  the  plane 
table  is  oriented  properly,  the  rays  to  the  three  known 
points  will  intersect  at  a  single  point  (P)  rather  than  three 
points  found  in  a  above.  To  accomplish  this  result,  turn 
the  plane  table  several  degrees  in  azimuth,  then  construct 
a  second  triangle  of  error  (a’b’,  b’c’  and  a’c’). 

c.  Construct  a  third  triangle  of  error  (a"b",  b"c”, 
a"c").  A  circular  arc  through  points  ab,  a"b",  and  a’b’ 
will  pass  through  the  point  P;  a  circular  arc  through  be, 
b”c",  and  b’c’  will  pass  through  point  P.  These  arcs 
should  be  sketched  and  the  point  P  plotted. 

d.  Orient  the  plane  table  by  sighting  from  the  plot¬ 
ted  position  of  P,  to  the  plotted  position  of  any  of  the 
three  known  points. 

e.  To  check  the  solution,  a  fourth  knovm  station  is 
observed  when  possible  after  completion  of  the  three- 
point  problem.  If  the  ray  through  this  fourth  station  does 
not  intersect  the  other  three  rays  at  P  an  error  has  been 
made. 
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Figure  4-3.  Three-point  problem 
4-13.  Contouring  Methods 

Contours  may  be  mapped  from  plane  table  setups  that  are 
made  directly  over  or  adjacent  to  the  country  that  is  to  be 
mapped.  These  areas  include  a  traversed  road,  a  table 
that  is  kept  stationary  while  it  is  circled  by  one  or  more 
moving  rods,  or  from  a  plane-table  station  that  overlooks 
the  distant  country  to  be  contoured.  These  three  methods 
of  contouring  are  described  below: 

a.  Contouring  from  a  traversed  line.  In  regions 
where  the  principal  control  is  obtained  by  different  kinds 
of  traverse  the  usual  procedure  is  to  first  plot  the  contour 
crossings  and  other  contours  on  or  near  the  traversed  road 
or  other  traverse  lines.  Then  extend  the  contouring  out  on 
both  sides  of  the  traverse  line  as  far  as  good  visibility  and 
locally  established  control  warrants.  When  the  visibility 
from  a  traverse  line  is  poor,  points  off  the  line  may  be 
used.  Contouring  from  a  traverse  line  may  also  be  advan¬ 
tageously  supplemented  by  having  the  rod  held  occasion¬ 
ally  at  salient  points  in  the  topography  opposite  the  line. 
When  all  signs  of  a  road  circuit  or  other  large  traverse 
circuits  have  been  traversed  and  mapped,  traverses  should 
be  extended  into  or  across  the  unmapped  interiors  giving 


sufficient  traverse  control  to  enable  the  topographer  to 
complete  the  mapping.  Such  interior  traverses  may  be 
run  across  open  country  or  along  ridges  or  streams.  The 
topographer  may  occupy  favorable  interior  viewpoints 
with  the  plane  table  and  reset  from  a  previous  traverse 
location  in  order  to  obtain  a  plane  table  location. 

b.  Contouring  in  open  country.  In  open  country  of 
low  relief  where  little  contouring  can  be  done  from  single 
plane-table  setups,  one  or  two  rodmen  and  a  recorder  can 
be  advantageously  used.  When  two  rodmen  are 
employed,  each  holds  a  rod  on  different  sides  of  the  plane 
table  and  at  salient  points  in  the  topography.  Each  rod- 
man  advances  in  the  direction  of  the  proposed  mapping. 
As  soon  as  the  sites  become  too  long  or  are  about  to  be 
obscured  both  rodmen  should  hold  their  stations,  and 
these  points  should  be  used  as  tuning  points  in  the  line. 
The  mean  of  the  two  readings  should  be  used  in  determin¬ 
ing  the  elevation  of  the  new  plane-table  station  that  is 
made  beyond  the  points  held  by  the  two  rodmen.  The 
rodmen  then  advance  as  before.  Plane-table  locations 
may  be  obtained  as  in  contouring  from  a  traverse  line 
above  or  from  stations  below.  To  use  this  method  effec¬ 
tively  the  topographer  should  employ  signals  between  the 
table  and  the  rod  and  between  rods.  The  topographer 
should  fully  instruct  the  rodmen  in  their  duties  since  much 
depends  upon  their  activity  and  resourcefulness.  The 
readings  that  result  from  successive  rod  sites  may  be 
plotted  as  they  are  taken,  or  depending  on  local  conditions 
they  may  be  allowed  to  accumulate  and  plotted  after  the 
series  has  been  completed. 

c.  Contouring  from  station.  In  open  country  of 
bold  relief,  where  all  the  features  are  plainly  visible,  con¬ 
tours  can  best  be  delineated  from  plane-table  stations 
overlooking  the  country  to  be  contoured  without  the  run¬ 
ning  of  a  traverse  line  or  the  use  of  a  rod.  The  method  of 
contouring  from  plane-table  stations  involves  the  use  of 
plane-table  triangulation  and  the  three-point  method. 
Woodland  country  as  well  as  open  country  may  be  con¬ 
toured  from  stations,  provided  a  sufficient  number  of 
outlooks  can  be  found  from  which  a  satisfactory  view  and 
a  good  determination  of  positions  can  be  obtained.  In  the 
construction  of  contours  from  a  station  the  location  and 
use  of  drainage  lines  is  important. 

(1)  Contouring  from  a  station  is  dependent  on  sup¬ 
plemental  control  that  is  obtained  by  the  location  on  the 
plane-table  sheet  by  intersection  method  of  many  of  the 
salient  points  on  the  surface  that  is  to  be  contoured.  For 
this  reason  little  sketching  can  be  done  from  the  first 
station  other  than  form  lines  which  are  later  converted 
into  placed  contour  lines.  In  planning  the  order  of 
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plane-table  stations  careful  consideration  must  be  given  to 
the  need  for  the  siting  of  many  points  ahead.  A  sufficient 
number  of  such  sites  may  be  intersected  from  subsequent 
stations  and  used  as  a  basis  for  contour  construction. 
Vertical  angles  may  be  taken  from  the  points  when  they 
are  first  sited,  after  the  points  have  been  intersected,  or  at 
both  times.  In  either  procedure  the  elevations  must  be 
computed  and  the  contours  placed  on  the  map  as  soon  as 
intersections  are  obtained. 

(2)  The  elevation  of  the  plane-table  stations  must  be 
determined  from  a  carefully  executed  series  of  reciprocal 
vertical  angles  taken  between  the  principal  stations  in  the 
quadrangle.  At  least  one  station  must  be  directly  con¬ 
nected  with  a  level  benchmark  by  means  of  reciprocal 
vertical  angles  measured  under  different  conditions. 

d.  Contour  skeleton  outline.  Before  mapping  the 
contours  that  are  to  represent  the  distance  relief  feature  a 
skeleton  outline  of  that  feature  should  be  prepared.  The 
quality  with  which  this  is  accomplished  depends  upon  the 
accuracy,  speed,  and  ease  that  the  contours  are  placed  on 
the  map.  Lacking  an  outline  an  experienced  topographer 
will  make  a  suitable  skeleton  outline  of  the  drainage  and 
ridge  lines  before  attempting  the  construction  of  the  con¬ 
tour  lines. 

(1)  The  landscape  that  is  to  be  contoured  should  be 
divided  into  its  separate  features  or  unit  masses;  such  as 
mountains,  hills,  and  spurs.  After  sufficient  control  has 
been  established  through  intersection  methods,  each  fea¬ 
ture  segregated  should  have  its  natural  drainage  lines  and 
boundaries  sketched  in.  This  should  include  tangents 
drawn  to  the  salient  points  as  well  as  located  points  being 
used  as  control  for  the  placing  of  the  drainage  lines. 
Similarly,  ridge  and  crest  lines  may  be  outlined.  It  is  best 
to  use  convex  forms  as  unit  masses,  such  as  spurs  and 
lateral  ridges.  The  intermediate  drainage  lines  should  be 
used  as  boundaries. 

(2)  In  determining  elevations  based  on  vertical  angles 
remember  that  large  angles  must  be  supplemented  with 
accurate  measurements  of  distance.  Small  angles  based 
on  measurement  of  distances  that  are  approximate  will 
only  yield  useful  elevations  for  contour  work. 

(3)  Each  separate  unit  mass  should  be  as  completely 
contoured  as  control  and  visibility  permits  before  the 
contouring  of  another  feature  is  begun.  Should  control 
alone  be  lacking,  form  lines  should  be  lightly  sketched  in 
and  advantage  taken  of  a  favorable  view  point.  An  effort 
should  be  made  to  cut-in  the  lacking  control.  By  treating 


each  mass  as  a  separate  unit,  each  can  be  delineated  with 
its  own  characteristic  shape. 

4-14.  Locating  and  Plotting  Detail 

Detail  points  are  plotted  to  scale  on  the  plane-table  sheet 
with  respect  to  the  plotted  position  of  the  occupied  sta¬ 
tion.  Detail  points  are  normally  located  and  plotted  by 
the  radiation  method  and  instances  are  measured  by  sta¬ 
dia.  Rays  and  instances  are  plotted  directly  on  the  plane- 
table  sheet.  The  ground  elevation  at  each  detail  point  is 
determined  and  the  elevation  is  shown  on  the  plane-table 
sheet  beside  the  plotted  position  for  the  point. 

a.  Features  shown  on  the  map  for  which  detail 
points  must  be  located  include  the  following: 

(1)  Works  of  man,  such  as  buildings,  roads,  ridges, 
dams,  and  canals. 

(2)  Natural  features,  such  as  streams,  lakes,  edges  of 
wooded  areas,  and  isolated  trees. 

(3)  Relief 

b.  On  large-scale  maps  it  is  often  possible  to  repre¬ 
sent  the  true  shape  of  features  to  scale.  On  small-scale 
maps  buildings  and  other  features  must  often  be  s)mbol- 
ized  with  the  symbols  centered  on  the  true  position  but 
drawn  larger  than  the  scale  of  the  map.  Such  detail  is 
portrayed  on  the  map  by  means  of  standardized  topo¬ 
graphic  symbols. 

c.  Detail  points  and  elevations  for  contouring  are 
usually  located  at  key  points  of  distinct  changes  in  ground 
slope  or  in  the  direction  of  a  contour.  Such  key  points 
are  located  at  the  following  positions: 

(1)  Hill  or  mountain  tops. 

(2)  On  ridge  lines. 

(3)  Along  the  top  and  foot  of  steep  slopes. 

(4)  In  valleys  and  along  streams. 

(5)  In  saddles  between  hills. 

d.  Contour  lines  are  drawn  on  the  map  by  logical 
contouring.  Ground  elevations  are  determined  at  key 
points  of  the  terrain,  and  these  positions  are  plotted  on  the 
plane-table  sheet.  After  a  number  of  key  points  have 
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been  located  (usually  from  an  occupied  station)  and 
plotted,  sketching  of  the  contour  lines  is  started. 


Also,  contour  lines  curve  around  the  nose  of  ridges  and 
cross  ridge  lines  at  approximate  right  angles. 


e.  Figure  4-4  shows  a  portion  of  a  plane-table  sheet 
on  which  some  contour  lines  have  been  drawn.  Key 
points  are  shown  in  this  figure  with  the  interpolated  posi¬ 
tions  of  the  contour  lines  plotted.  Contours  should  be 
drawn  as  the  plane  tabling  progresses  so  that  the  topogra¬ 
pher  can  utilize  the  view  of  the  terrain  when  drawing  the 
contours. 


Figure  4-5.  Typical  topographic  forms 

g.  Every  fifth  contour  line  should  be  drawn  heavier 
than  the  others,  and  the  elevations  of  these  heavier  lines 
should  be  shown  at  frequent  intervals.  These  heavy, 
numbered  contour  lines  are  those  representing  multiples  of 
the  5-,  10-,  25-,  50-,  or  100-foot  elevations.  For  example: 
with  a  2-foot  contour  interval,  the  10-foot  contour  lines 
would  be  drawn  heavier  and  numbered. 


/  When  contouring,  it  must  be  remembered  that 
stream  and  ridge  lines  have  a  primary  influence  on  the 
direction  of  the  contour  lines.  Figure  4-5  shows  several 
typical  forms  often  encountered  in  contouring.  It  should 
be  noted  that  the  contour  lines  crossing  a  stream  follow 
the  general  direction  of  the  stream  on  both  sides  and  cross 
the  stream  in  a  fairly  sharp  “V’’  that  points  upstream. 


h.  Practical  hints  for  plane  table  mapping  are: 

(1)  The  topographer  should  face  the  area  he  is 
contouring. 

(2)  Contour  lines  should  not  be  drawn  beyond  the 
determined  and  plotted  elevations. 
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(3)  The  pencil  should  be  kept  sharp  at  all  time. 

(4)  Accurate  plotting  of  distances  is  critical.  For  this 
reason,  plane-table  traverses  should  be  kept  to  a 
minimum. 

(5)  When  drawing  a  ray  toward  a  detail  point  draw 
only  a  short  line  near  the  plotted  position  for  the  detail 
point. 

(6)  The  magnetic  needle  can  often  be  used  to  orient 
the  plane  table  approximately  at  the  start  of  resection 
problem. 

(7)  The  topographer  should  not  remain  at  the  plane 
table,  but  should  move  around  enough  to  acquaint  himself 
thoroughly  with  the  terrain, 

4-15.  Plane-Table  Equipment  Checklist 

The  equipment  listed  below  should  be  on  hand. 

•  Alidade 

•  Plane-table  drawing  board 

•  Plane-table  tripod 

•  Thumb  tacks  (to  secure  map  or  plane-table  sheet) 

•  Sewing  needles 

•  Polymer  6J  -  9H  pencil  leads  for  mylar 

•  6H  -  9H  pencil  leads  for  vellum 

•  3H  -  9H  pencil  leads  for  paper 

•  Plumb  bob 

•  Cloth  tape  or  reel  chain 

•  Pounce  (powder  to  keep  black  marks  off  the  map 
and  help  the  straightedge  to  glide) 

•  25-foot  topo  rod 

•  Plane-table  sheets 

4-16.  Plane-Table  Setup  Hints 

a.  Rotate  the  plotted  point  on  the  plane  table  over 
the  point  on  the  ground  and  in  the  direction  of  the 


backsight  before  completing  the  setup.  Do  this  before 
placing  the  alidade  on  the  table.  The  reason  is  the  plotted 
point  is  generally  not  in  the  center  of  the  plane-table 
board.  Thus,  any  rotation  about  the  Johnson  head  will 
send  the  plotted  point  away  from  the  point  on  the  ground. 
The  wing  nut  for  rotation  is  the  lower  nut  or  the  one 
located  lurthest  below  the  plane  table. 

b.  Secure  (snug,  but  not  too  tight)  the  Johnson 
head-ball  and  socket  wing  nut  for  leveling  (closest  to  the 
plane  table).  Make  sure  the  plotted  control  point  has  been 
plumbed  over  the  actual  control  point.  Place  the  alidade 
in  the  center  of  the  plane  table  or  over  the  Johnson  head. 
With  one  hand  holding  the  plane  table  fixed,  carefully 
loosen  the  leveling  wing  nut  and  level  the  table  with  the 
bull’s  eye  bubble.  Feel  with  the  free  hand  and  secure  the 
upper  wing  nut  (leveling  nut).  Check  the  setup  for  level 
and  use  a  plumb  bob  to  ensure  the  plotted  point  is  over 
the  actual  point. 

4-17.  Plane-Table  Notekeeping 

The  following  items  must  be  recorded  at  every  setup: 

a.  Measure  up  from  control  point  on  the  ground  to 
the  alidade  trunion  axis  (height  of  instrument  (h.i.)  above 
ground).  The  alidade  must  be  positioned  over  the  point 
with  the  straightedge  against  the  needle. 

b.  No  setup  will  exceed  0.1  foot  in  distance 
between  the  plotted  control  point  plumbed  over  the  actual 
control  point  when  the  station  is  being  occupied  as  a 
setup. 

c.  After  setup  initialization  (table  oriented  and  table 
level)  a  horizontal  check  on  at  least  two  points  other  than 
the  point  being  occupied  is  necessary.  One  of  these  two 
points  may  be  the  backsight.  Distance  as  well  as  align¬ 
ment  must  be  recorded  to  the  accuracy  (acceptable  toler¬ 
ance)  of  the  survey  in  progress.  If  no  other  checkpoint  is 
visible,  a  traverse  must  establish  mapping  control.  This 
traverse  can  be  performed  with  stadia  using  the  plane 
table  to  mark  the  points.  Two  points  other  than  the  point 
occupied  will  also  be  used  to  check  the  vertical.  A 
beamen  arc  will  be  used  to  check  one  of  these  elevations. 
Record  all  observations  for  checks  neatly  into  the 
fieldbook. 

d.  The  distance  between  plotted  points  on  the 
plane-table  sheet  shall  not  exceed  1  inch.  For  example,  a 
plane-table  survey  to  be  performed  at  1"  =  20’  shall  have 
ground  shots  spaced  no  greater  than  20-foot  spacing. 
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e.  No  point  plotted  on  the  plane-table  sheet  shall 
have  a  vertical  error  greater  than  0.3  foot. 

/  All  man-made  concrete  structures  will  be  located 
vertically  to  the  hundredth  of  a  foot. 

g.  Hand-drawn  contours  shall  be  established  by 
interpolation  in  two  directions  for  every  tick  made  on  the 
plane-table  sheet. 

4-18.  Plane-Table  Location  Details 

The  following  details  should  be  noted  on  the  map: 

a.  Railroads.  Location  of  one  track,  track  widths, 
number  of  tracks  for  parallel  tracks. 

b.  Bridges.  Bridge  type,  center  lines,  type  of  sur¬ 
face,  number  of  lanes,  bridge  piers,  fender  systems,  dis¬ 
tance  from  center  line  to  bottom  of  typical  bridge  beam, 
utility  cables. 

c.  Tunnels.  Center  lines,  approach  islands,  utility 
cables,  develop  a  typical  tube  section. 

d.  Airports.  Center-line  runways  and  magnetic 
azimuth  of  runway,  runway  thresholds,  runway  lights 
(amber),  taxiways,  taxiway  lights  (blue),  possible  obstruc¬ 
tions  to  aircraft  (tall  trees,  towers,  buildings),  control 
tower  plus  height,  navigation  aids  (ILS  localizer,  VASI, 
VOR,  VORTAC,  NDB,  LOM,  RVR).  NOTE:  Control 
monuments  are  usually  located  in  the  area  of  the  runway 
threshold. 

e.  Dams.  Dam  type,  center  line,  typical  cross- 
section,  toe  of  slope,  water  line. 

f  Canals.  Bulkheads,  piers,  pilings,  dolphins,  cable 
crossings,  riprap  or  armor  stone  perimeters. 

g.  Roads.  Number  of  lanes,  type  of  surface,  center 
lines,  all  edges  of  pavements,  drainage  ditches,  driveway 
entrances,  driveway  culverts,  road  intersections,  curb  and 
gutter  (vertically  to  0.01  foot). 

h.  Utilities.  For  underground  utilities  call  the  proper 
agency  for  line  location  stakeout.  Locate  all  stakes  set  in 
the  field  by  this  agency.  Failure  to  locate  all  stakes  could 
result  in  serious  construction  injuries. 

•  Power  poles  with  pole  number  and  agency  names 

•  Overhead  powerlines 


•  Overhead  telephone  lines 

•  Overhead  cable  television  lines 

•  Storm  sewers  (curb  inlets,  yard  inlets,  etc.)  storm 
sewer  throat  size,  pipe  sizes,  inverts  in  and  out 

•  Sanitary  sewers  -  low  side  rim  elevations  and  all 
inverts 

•  Gas  lines  -  note  diameters  -  tees 

•  Water  lines  -  note  diameters  -  tees 

•  Fire  hydrants  -  never  place  a  benchmark  on  the 
top  nut,  use  a  bell  bolt 

•  Underground  electric  -  locate  transformers, 
building  connections 

•  Underground  gas  petroleum  -  locate  all  tees  and 
cutoffs 

i.  Buildings.  Schools,  churches,  homes,  industrial, 
office,  bams,  warehouses. 

•  Locate  at  least  three  comers  and  chain  all  dis¬ 
tances  completely  around  the  perimeter  of  the 
stmcture.  Include  any  overhangs  (OH) 

•  Show  overhead,  ground  surface,  and  under¬ 
ground  utilities  serving  the  building 

•  Locate  any  ruins  of  buildings 

•  Tanks  -  water,  gas,  oil,  etc 

•  Wells 

•  Pumps 

•  Septic  fields  if  possible 

•  Fences 

•  Walls 

•  Sheds,  note  type  of  foundation 

j.  Cemetery.  Carefully  locate  all  graves. 

k.  Waterways, 
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•  Bulkheads 

•  Piers 

•  Dolphins 

•  Piles 

•  Docks 

•  Slips  -  concrete  or  wood 

•  Buoys 

•  Oyster  grounds 

•  Dikes 

•  Riprap  —  Cobble  size  to  armor  stone  size 
I  Natural  features. 

•  Ridge  lines 

•  Center-line  swales 

•  Change  in  slope 

•  Valley  lines 

•  Creeks  (top  of  banks  and  center  line) 

•  Springs 

•  Ponds 

•  Lakes 

•  Edge  of  woods 

•  Swamps 

•  Rock  outcroppings 

•  Mines 

•  Trash  dumps 

Section  IL  Electronic  Total  Station  Surveys 


4-19.  Electronic  Total  Stations 

Traditionally,  surveying  has  used  analog  methods  of 
recording  data.  The  present  trend  is  to  introduce  digital 
surveying  equipment  into  the  field.  The  fastest  digital 
data  collection  methods  are  now  done  by  electronic  total 
stations.  Total  stations  have  dramatically  increased  the 
amount  of  topographic  data  that  can  be  collected  during  a 
day.  Figure  4-6  is  a  flow  diagram  of  the  digital  informa¬ 
tion  from  field  to  finish.  The  method  is  well  suited  for 
topographic  surveys  in  urban  landscapes  and  busy 
construction  sites.  Modem  total  stations  are  also 
programmed  for  constmction  stakeout  and  highway 
center-line  surveys.  Total  stations  have  made  trigono¬ 
metric  levels  as  accurate  as  many  of  the  differential  level 
techniques  in  areas  possessing  large  relief  landforms. 
These  instruments  can  quickly  transfer  3D  coordinates  and 
are  capable  of  storing  unique  mapping  feature  codes  and 
other  parameters  which  in  the  past  could  only  be  recorded 
on  paper  media  such  as  field  books.  One  of  the  best 
features  of  the  total  station  is  the  ability  to  electronically 
download  directly  into  a  computer  without  human 
blunders.  The  use  of  electronic  storage  can  result  in  a 
blunder  of  the  worst  magnitude,  if  reflector  prism  HPs  are 
changed  and  not  noted.  Feature  codes  entered  in  error  are 
also  potential  map  errors  which  can  be  detrimental  to  an 
entire  project. 

a.  Total  station  surveys  are  like  plane-table  sur¬ 
veys.  The  advent  of  the  total  survey  station  has  made  it 
possible  to  accurately  gather  enormous  amounts  of  survey 
measurements  quickly.  Even  though  total  stations  have 
been  around  for  more  than  20  years,  they  are  just  now 
beginning  to  become  popular  among  the  general  surveying 
and  engineering  community.  In  the  last  10  years  total 
stations  and  data  collectors  have  become  common  field 
equipment.  As  time  progresses  they  will  increase  in  num¬ 
ber  and  variety.  The  majority  of  survey  firms  are  using 
data  collectors  today. 

b.  Reasons  for  implementation.  In  the  early  1980’s 
the  surveying  instrument  manufacturers  introduced  what 
has  become  a  true  total  station,  redefining  the  term  by 
creating  an  entirely  electronic  instrument.  In  other  words, 
the  readout  on  the  display  panels  and  the  readout  from  the 
EDM  are  in  a  digital  form.  This  feature  eliminated  the 
reading  errors  which  can  occur  with  an  optical  theodolite. 
Also  with  the  advent  of  the  electronic  theodolite  came  the 
electronic  data  collector,  thus  minimizing  both  the  reading 
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errors  and  the  writing  errors.  Since  the  information  in  the 
data  collector  is  interfaced  directly  to  a  computer,  errors 
which  occur  in  transferring  the  field  information  from  the 
field  book  to  the  computer  are  eliminated.  At  this  point 
one  can  measure  a  distance  to  a  suitable  range  with  an 
accuracy  of  better  than  5  millimeters  plus  1  part  per  mil¬ 
lion,  and  angles  can  be  turned  with  the  accuracy  of  one- 
half  arc  second,  all  accomplished  electronically.  The  vast 
increase  in  productivity  which  is  available  to  us  from 
what  we  had  previous  to  1980  is  due  to  this  modem 
equipment.  In  most  land  surveying  situations,  the  normal 
crew  size  can  be  reduced  to  two  when  equipped  with  an 
electronic  theodolite.  Since  the  data  acquisition  time  is  so 
fast  in  some  situations  three  men  are  warranted  when  it  is 
possible  to  utilize  two  prism  poles.  This  often  results  in 
an  overall  reduction  in  man-hours  spent  on  the  job. 

c.  Field-finish  surveying  capabilities.  Figure  4-6 
depicts  the  capability  of  an  electronic  total  station  to 
perform  direct  field-finish  mapping  products. 

4-20.  Field  Equipment 

a.  Modem  electronic  survey  equipment  requires 
surveyors  to  be  more  maintenance  conscious  than  they 
were  in  the  past.  They  have  to  worry  about  power 
sources,  downloading  data,  and  the  integrity  of  data, 
including  whether  or  not  the  instmments  and  accessories 
are  accurately  adjusted  and  in  good  repair.  When  setting 
up  a  crew  to  work  with  a  total  station  and  data  collector, 
it  is  helpful  to  supply  the  party  chief  with  a  checklist  to 
help  the  crew  maintain  its  assigned  equipment  and  handle 
the  collected  data  upon  returning  to  the  office.  It  is  also 
important  that  each  crew  be  supplied  with  all  necessary 
equipment  and  supplies.  These  should  be  stored  in  an 
organized  and  easily  accessible  manner. 

b.  Let  us  first  examine  an  equipment  list  that  will 
assure  the  survey  crew  (two-person  crew,  consisting  of  a 
party  chief/rodperson  and  a  notekeeper/instmment  person) 
a  sufficient  equipment  inventory  to  meet  the  general  needs 
of  boundary,  layout,  and  topographic  surveys.  Also, 
assume  that  this  crew  has  a  regular  complement  of  sup¬ 
plies  such  as  hammers,  shovels,  ribbon,  stakes,  lath,  and 
safety  equipment.  This  discussion  will  be  confined  to 
what  is  needed  to  maximize  productivity  when  using  a 
total  station  with  data  collector. 

c.  The  minimum  equipment  inventory  required  is  as 
follows; 


•  Total  station 

•  Data  collector 

•  Batteries  for  14  hours  of  continuous  operation 

•  3  tripods 

•  3  tribrachs 

•  3  target  carriers 

•  1  plumbing  pole 

•  4  target  holders 

•  4  reflectors 

•  4  target  plates 

d.  With  this  equipment  inventory,  a  two-person 
field  crew  will  be  able  to  handle  most  survey  tasks  that 
are  routinely  encountered  in  day-to-day  operations.  An 
additional  tripod,  plumbing  pole,  carrier,  tribrach,  and 
reflector  would  give  the  crew  even  greater  flexibility,  and 
allow  them  to  handle  many  projects  more  efficiently.  It  is 
also  helpful  for  the  field  crew  to  have  a  convenient  place 
to  store  their  assigned  equipment.  Equip  crews  with 
briefcase-sized  cases  that  will  hold  three  tribrachs,  four 
reflectors  with  holders,  three  carriers,  and  four  target 
plates.  A  hard  camera  case  or  pistol  case  works  well  for 
this  purpose.  With  all  the  components  stored  in  one 
place,  it  makes  inventory  of  the  equipment  easy  and 
reduces  the  chance  of  equipment  being  left  at  the  job  site. 
This  also  allows  for  proper  equipment  maintenance. 

4-21.  Equipment  Maintenance 

The  following  checklist  will  aid  each  crew  in  properly 
maintaining  and  keeping  inventory  of  their  assigned 
equipment.  At  the  end  of  each  workday  the  party  chief 
should  check  that  the  following  duties  have  been 
performed: 

•  Clean  all  reflectors  and  holders.  A  cotton  swab 
dipped  in  alcohol  should  be  used  on  the  glass 
surfaces.  A  crew  member  can  do  this  during  the 
trip  back  to  the  office. 

•  Clean  tribachs.  They  should  be  dusted  daily. 
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Figure  4-6.  Total  station  data  -  field  to  finish 

•  Remove  dust  from  all  instruments,  A  soft  paint¬ 
brush  or  a  shaving  brush  works  well.  If  an 
instrument  has  been  exposed  to  moisture, 
thoroughly  dry  it  and  store  in  an  open  case. 

•  Download  the  data  collector  to  the  computer. 

•  Backup  all  files  generated  from  the  download  and 
check  the  integrity  of  the  backup  files  before 
erasing  the  field  data  from  the  data  collector. 


set  of  batteries  may  have  to  be  charged  while  a 
second  set  is  in  operation. 

4-22.  Maintaining  Battery  Power 

One  of  the  biggest  problems  faced  by  the  users  of  total 
stations  with  data  collectors  is  maintaining  an  adequate 
power  supply.  There  are  several  factors  that  should  be 
considered  when  assessing  power  needs: 
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a.  Type  of  survey,  A  topographic  survey  entails 
much  more  data  than  a  boundary  survey.  Normal  produc¬ 
tion  in  a  topographic  mode  is  200  to  275  measurements 
per  day  (350  shots  per  day  is  not  uncommon).  A  bound¬ 
ary  survey  can  entail  making  16  measurements  or  so  from 
each  traverse  point  and  occupying  10  to  15  points  per 
day.  Determine  the  number  of  measurements  that  you 
would  normally  make  in  a  day  and  consult  the  manufac¬ 
turer’s  specifications  to  determine  the  number  of  shots 
you  can  expect  from  a  fully  charged  new  battery. 

b.  Age  of  batteries.  Keep  in  mind  that  batteries  will 
degrade  over  a  period  of  time.  This  means  that  a  new 
battery,  with  sufficient  power  for  500  measurements  when 
new,  may  only  be  capable  of  300  measurements  after  a 
year  of  use. 

c.  Time  needed  to  charge  batteries.  Some  batteries 
take  up  to  14  hours  to  fully  charge.  If  the  work  schedule 
will  not  permit  14  hours  for  charging  a  second  set  of 
batteries,  a  battery  with  adequate  power  to  supply  the 
instrument  for  more  than  1  day  should  be  purchased. 

d.  Power  requirements  of  equipment.  Older  record¬ 
ing  total  stations  that  write  data  to  tape  will  use  up  to 
three  7-amp  hour  batteries  per  day.  A  newer  instrument 
by  the  same  manufacturer  will  take  3  days  to  use  one 
battery.  Since  newer  instruments  use  far  less  power  than 
those  on  the  market  6  years  ago,  this  should  be  consid¬ 
ered  in  determining  power  needs, 

(1)  In  addition  to  the  proper  assessment  of  power 
need,  a  record  of  the  history  and  current  status  of  the 
power  supply  should  be  readily  available.  When  batteries 
begin  to  get  weak  there  is  generally  a  rapid  deterioration 
in  their  performance.  To  monitor  the  performance  of  a 
particular  battery  record  the  serial  number  in  a  battery  log 
book.  If  problems  arise  with  a  particular  unit,  check  the 
log  to  see  when  the  battery  was  purchased  or  when  it  was 
last  recelled.  Next  try  discharging  and  recharging  the 
battery.  If  performance  is  still  not  up  to  speed,  have  it 
checked  to  determine  the  weak  cell  and  replace  it.  If  the 
battery  was  not  new  or  was  recelled  in  the  last  year,  recell 
the  entire  vmit.  When  one  cell  goes  the  next  one  is  usu¬ 
ally  only  a  charge  or  two  from  failure.  The  cost  of  hav¬ 
ing  a  battery  recelled  is  minimal  when  considering  the 
cost  of  lost  worktime  due  to  power  failure. 

(2)  Also  record  the  date  the  battery  was  charged  on 
the  shipping  label  that  is  attached  to  the  battery  box. 
When  the  battery  is  fully  used  simply  cross  out  the  date, 
thus  eliminating  the  confusion  of  not  knowing  which 
battery  needs  to  be  charged.  Monitor  the  shelftime  of  the 


battery,  and  if  it  exceeds  10  days,  recharge  it.  This  keeps 
the  power  supply  at  peak  performance.  Always  consult 
the  operator’s  manual  for  recharge  specifications. 

(3)  It  is  always  a  good  idea  to  have  backup  power 
available  for  that  last  15  minutes  of  work.  Most  manu¬ 
facturers  can  provide  cabling  for  backup  to  an  automobile 
battery.  Some  can  even  supply  a  quick  charge  system 
that  plugs  into  the  cigarette  lighter. 

(4)  Power  pointers  are 

•  Assess  power  needs  for  the  particular  job 

•  Assess  power  usage  of  the  equipment 

•  Monitor  performance  of  each  battery 

•  Monitor  battery  age,  usage,  and  recell 
information 

•  Have  one  day’s  worth  of  backup  power  readily 
available 

4-23.  Total  Station  Job  Planning  and  Estimating 

An  often-asked  question  when  using  a  total  station  with  a 
data  collector  is  “How  do  I  estimate  a  project?”  To 
answer  this  question  first  examine  the  productivity  stan¬ 
dards  expected  of  field  crews. 

a.  Most  crews  will  make  and  record  200  to  275 
measurements  per  day.  This  includes  any  notes  that  must 
be  put  into  the  system  to  define  what  was  measured. 
When  creating  productivity  standards  keep  in  mind  that  a 
learning  curve  is  involved.  Usually  it  takes  a  crew  four 
to  five  projects  to  become  familiar  with  the  equipment 
and  the  coding  system  to  start  reaching  the  potential  pro¬ 
ductivity  of  the  system. 

b.  A  two-person  crew  is  most  efficient  when  the 
typical  spacing  of  the  measurements  is  less  than  50  feet. 
When  working  within  this  distance  the  average  rod  person 
can  acquire  the  next  target  during  the  time  it  takes  the 
instrument  operator  to  complete  the  measurement  and 
input  the  codes  to  the  data  collector.  The  instrument 
operator  usually  spends  20  seconds  (+  or  -)  sighting  a 
target,  recording  a  measurement,  and  another  5-10  sec¬ 
onds  coding  the  measurement. 

c.  When  the  general  spacing  of  the  data  exceeds 
50  feet,  having  a  second  rod  person  will  significantly 
increase  productivity.  A  second  rod  person  allows  the 
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crew  to  have  a  target  available  for  measurement  while  the 
first  rod  person  is  moving.  If  the  distance  of  the  move  is 
50  feet  or  greater,  the  instrument  will  be  idle  with  only 
one  rod  person. 

d.  When  dealing  with  strip  topographic  situations, 
data  must  be  acquired  every  3  feet  along  the  length  of  the 
job.  In  urban  areas  the  data  may  seem  to  be  more  dense, 
but  the  rights-of-way  are  generally  wider.  The  rule  of 
thumb  of  one  measurement  for  every  3  feet  of  linear 
topography  works  very  well  for  estimating  purposes. 
Using  this  estimate  the  typical  field  crew  will  make  and 
record  between  350-500  measurements  or  1,000-1,500  feet 
of  strip  topography  per  day.  Typically,  a  two-person  crew 
equipped  with  recording  total  station  and  data  collector 
pick  up  1,250  feet  a  day.  Depending  on  the  office/field 
reduction  software  being  used  these  data  can  produce  both 
the  planimetric  and  contour  maps  as  well  as  transfer  the 
data  to  an  engineering  design  package  with  very  little 
additional  manipulation. 

e.  To  estimate  strip  topographic  production  remem¬ 
ber  the  following  tips: 

(1)  Estimate  one  measurement  for  every  3  feet  of 
project. 

(2)  If  shots  are  greater  than  50  feet,  a  second  rod 
person  adds  to  the  efficiency  of  the  crew. 

(3)  Expect  a  two-person  crew  equipped  with  a  record¬ 
ing  total  station  and  data  collector  to  pick  up  1,250  feet 
per  day. 

/  Another  question  asked  is  “Who  runs  the  rod?” 
Conventional  location  or  topographic  surveying  often 
requires  a  three-person  field  party.  The  party  chief  is 
working  at  the  instrument,  recording  the  measurements 
and  other  information  in  the  field  book.  The  party  chief 
is  also  responsible  for  gathering  data  and  must  pay  close 
attention  to  the  movements  of  the  rodman.  When  the 
field  crew  consists  of  two  people,  it  is  often  the  party 
chief  who  runs  the  rod.  When  using  the  power  of  field- 
to-finish  data  collection,  the  experience  and  judgment  of 
the  rodman  is  an  important  factor.  Most  organizations 
have  the  party  chief  or  senior  field  technician  run  the  rod 
and  allow  the  less-experienced  person  to  operate  the 
instrument.  The  rodman  communicates  codes  and  other 
instructions  to  the  instrument  operator  who  enters  them 
into  the  instrument  or  data  collector  and  takes  the  mea¬ 
surements.  Given  the  ease  of  operation  of  total  stations, 
that  is  a  fast  and  easy  way  to  train  an  instrument  operator. 
This  frees  more  experienced  personnel  to  control  the  pace 


of  the  job  and  to  concentrate  on  gathering  the  correct 
data. 

g.  Multiple  rodmen  make  for  increased  produc¬ 
tivity.  Data  collection  provides  a  tremendous  increase  in 
the  speed  of  performing  field  work  by  eliminating  the 
need  to  read  and  record  measurements  and  other  informa¬ 
tion.  Many  organizations  have  reduced  the  size  of  their 
field  crews  by  eliminating  the  notetaker.  However,  this 
person  can  be  very  useful  as  a  second  rodman. 

(1)  On  jobs  where  a  large  number  of  shots  are 
needed,  the  use  of  two  (or  more)  rodmen  has  resulted  in 
excellent  time  and  cost  savings.  The  rodmen  can  work 
independently  in  taking  ground  shots  or  single  features. 
They  can  work  together  by  leapfrogging  along  planimetric 
or  topographical  feature  lines.  When  more  than  one  rod- 
man  is  used,  crew  members  should  switch  jobs  through¬ 
out  the  day.  This  helps  to  eliminate  fatigue  in  the  person 
operating  the  instrument. 

(2)  As  an  extension  of  the  concept  discussed  above 
it  is  a  good  idea  to  have  an  experienced  person  running 
one  rod  and  directing  the  other  rodmen.  If  possible,  each 
rodman  and  the  instrument  operator  should  have  a  radio 
or  other  means  of  reliable  communication. 

(3)  Electronic  data  collection  (EDC)  has  proved  to 
be  an  extremely  cost-effective  means  of  gathering  data. 
When  competing  against  a  grid  or  baseline  and  offset 
style  of  surveying,  EDC  often  results  in  field  time  savings 
of  over  50  percent.  However,  deriving  a  horizontal  and 
vertical  position  on  the  located  points  is  only  part  of  the 
process.  The  ultimate  goal  is  usually  a  map,  showing 
either  planimetries,  or  contours,  or  both. 

h.  Total  station  productivity  compared  with  other 
methods  is  shown  in  Figure  4-7,  which  depicts  the 
enhanced  productivity  of  a  total  station  relative  to  tradi¬ 
tional  plane-table  or  transit-stadia  methods.  Time  savings 
in  design/construction  layout  is  shown  in  Table  4-1. 

4-24.  Electronic  Theodolite  Error  Sources 

All  theodolites  measure  angles  with  some  degree  of 
imperfection.  These  imperfections  result  from  the  fact 
that  no  mechanical  device  can  be  manufactured  with  zero 
error.  In  the  past  very  specific  measuring  techniques 
were  taught  and  employed  by  surveyors  to  compensate  for 
minor  mechanical  imperfections  in  theodolites.  With  the 
advent  of  electronics  the  mechanical  errors  still  exist  but 
are  related  to  in  a  different  way.  One  must  now  do  more 
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Figure  4-7.  Topographic  surveying  method 
comparisons 


Table  4-1 

Total  Stations  Estimated 
Methods 

Field  Time  Saved  Over  Other 

Application  on  Project  Site 

A  %  Time  in  Field  Saved 

Control  traverse 

5% 

Topo 

25% 

X-Select 

20% 

Design  layout 

30% 

As-built 

35% 

than  memorize  techniques  that  compensate  for  errors. 
One  must  clearly  understand  the  concepts  behind  the  tech¬ 
niques  and  the  adjustments  for  errors  that  electronic  theo¬ 
dolites  now  make.  The  following  paragraphs  provide  the 
major  sources  of  error  when  using  a  theodolite  and  also 
the  particular  method  employed  to  compensate  for  that 
error. 

a.  Circle  eccentricity.  Circle  eccentricity  exists 
when  the  theoretical  center  of  the  mechanical  axis  of  the 
theodolite  does  not  coincide  exactly  with  the  center  of  the 
measuring  circle.  The  amount  of  error  corresponds  to  the 
degree  of  eccentricity  and  the  part  of  the  circle  being 


read.  When  represented  graphically  circle  eccentricity 
appears  as  a  sine  wave.  Circle  eccentricity  in  the  hori¬ 
zontal  circle  can  always  be  compensated  for  by  measuring 
in  both  faces  (opposite  sides  of  the  circle)  and  using  the 
mean  as  a  result.  Vertical  circle  eccentricity  cannot  be 
compensated  for  in  this  manner  since  the  circle  moves 
with  the  telescope.  More  sophisticated  techniques  are 
required. 

(1)  Some  theodolites  are  individually  tested  to  deter¬ 
mine  the  sine  curve  for  the  circle  error  in  that  particular 
instrument.  Then  a  correction  factor  is  stored  in  ROM 
that  adds  or  subtracts  from  each  angle  reading  so  that  a 
corrected  measurement  is  displayed. 

(2)  Other  instruments  employ  an  angle-measuring 
system  consisting  of  rotating  glass  circles  that  make  a 
complete  revolution  for  every  angle  measurement.  These 
are  scanned  by  fixed  and  moving  light  sensors.  The  glass 
circles  are  divided  into  equally  spaced  intervals  which  are 
diametrically  scanned  by  the  sensors.  The  amount  of  time 
it  takes  to  input  a  reading  into  the  processor  is  equal  to 
one  interval,  thus  only  every  alternate  graduation  is 
scanned.  As  a  result,  measurements  are  made  and  aver¬ 
aged  for  each  circle  measurement.  This  eliminates  scale 
graduation  and  circle  eccentricity  error. 

b.  Horizontal  collimation  error.  Horizontal  colli- 
mation  error  exists  when  the  optical  axis  of  the  theodolite 
is  not  exactly  perpendicular  to  the  telescope  axis.  To  test 
for  horizontal  collimation  error,  point  to  a  target  in  face 
one  then  point  back  to  the  same  target  in  face  two;  the 
difference  in  horizontal  circle  readings  should  be 
180  degrees.  Horizontal  collimation  error  can  always  be 
corrected  for  by  meaning  the  face  one  and  face  two  point¬ 
ings  of  the  instrument. 

(1)  Most  electronic  theodolites  have  a  method  to 
provide  a  field  adjustment  for  horizontal  collimation  error. 
Again,  the  manual  for  each  instrument  provides  detailed 
instruction  on  the  use  of  this  correction. 

(2)  In  some  instruments,  the  correction  stored  for 
horizontal  collimation  error  can  affect  only  measurements 
on  one  side  of  the  circle  at  a  time.  Therefore  when  the 
telescope  is  passed  through  zenith  (the  other  side  of  the 
circle  is  being  read),  the  horizontal  circle  reading  will 
change  by  twice  the  collimation  error.  These  instruments 
are  functioning  exactly  as  designed  when  this  happens. 

(3)  When  prolonging  a  line  with  an  electronic  theod¬ 
olite,  the  instrument  operator  should  either  turn  a 
180-degree  angle  or  plunge  the  telescope  and  turn  the 
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horizontal  tangent  so  that  the  horizontal  circle  reading  is 
the  same  as  it  was  before  plunging  the  telescope. 

c.  Height  of  standards  error.  In  order  for  the  tele¬ 
scope  to  plunge  through  a  truly  vertical  plane  the  tele¬ 
scope  axis  must  be  perpendicular  to  the  standing  axis.  As 
stated  before  there  is  no  such  thing  as  perfection  in  the 
physical  world.  All  theodolites  have  a  certain  degree  of 
error  caused  by  imperfect  positioning  of  the  telescope 
axis.  Generally,  determination  of  this  error  should  be 
accomplished  by  a  qualified  technician  because  horizontal 
collimation  and  height  of  standards  errors  interrelate  and 
can  magnify  or  offset  one  another.  Horizontal  collimation 
error  is  usually  eliminated  before  checking  for  height  of 
standards.  Height  of  standards  error  is  checked  by  point¬ 
ing  to  a  scale  the  same  zenith  angle  above  a  90-degree 
zenith  in  face  one  and  face  two.  The  scales  should  read 
the  same  in  face  one  as  in  face  two. 

d.  Circle  graduation  error.  In  the  past,  circle  gradu¬ 
ation  error  was  considered  a  major  problem.  For  precise 
measurements  surveyors  advanced  their  circle  on  each 
successive  set  of  angles  so  that  circle  graduation  errors 
were  “meaned  out.”  Current  technology  eliminates  the 
problem  of  graduation  errors.  This  is  accomplished  by 
photo-etching  the  graduations  onto  the  glass  circles.  Next 
make  a  very  large  precise  master  circle  and  photograph  it. 
An  emulsion  is  applied  to  the  circle  and  a  photo-reduced 
image  of  the  master  is  projected  onto  the  circle.  The 
emulsion  is  removed  and  the  glass  circle  has  been  etched 
with  very  precise  graduations. 

4-25.  Total  Survey  System  Error  Sources  and 
How  to  Avoid  Them 

In  every  survey  there  is  an  accuracy  that  must  be  attained. 
The  first  step  in  using  field  and  office  time  most  effec¬ 
tively  is  to  determine  the  positional  tolerance  of  the  points 
to  be  located.  After  this  has  been  accomplished  all 
sources  of  errors  can  be  determined  and  analyzed.  Some 
sources  of  errors  are:  pointing  errors,  prism  offsets, 
adjustment  of  prism  pole,  EDM  alignment,  collimation  of 
the  telescope,  optical  plummet  adjustment,  instrument/ 
EDM  offsets,  curvature  and  refraction,  atmospheric  condi¬ 
tions,  effects  of  direct  sunlight,  wind,  frozen  ground,  and 
vibrations.  The  accuracy  required  for  each  survey  should 
be  carefully  evaluated.  Each  of  the  following  factors  can 
accumulate  and  degrade  the  accuracy  of  measurements. 

a.  Pointing  errors.  Pointing  errors  are  due  to  both 
human  ability  to  point  the  instrument  and  environmental 
conditions  limiting  clear  vision  of  the  observed  target. 
The  best  way  to  minimize  pointing  errors  is  to  repeat  the 


observation  several  times  and  use  the  average  as  the 
result. 

b.  Uneven  heating  of  the  instrument.  Direct  sun¬ 
light  can  heat  one  side  of  the  instrument  enough  to  cause 
small  errors.  For  the  highest  accuracy,  pick  a  shaded  spot 
for  the  instrument. 

c.  Vibrations.  Avoid  instrument  locations  that 
vibrate.  Vibrations  can  cause  the  compensator  to  be 
unstable. 

d.  Collimation  errors.  When  sighting  points  a  sin¬ 
gle  time  (e.g.,  direct  position  only)  for  elevations,  check 
the  instrument  regularly  for  collimation  errors. 

e.  Vertical  angles  and  elevations.  When  using  total 
stations  to  measure  precise  elevations,  the  adjustment  of 
the  electronic  tilt  sensor  and  the  reticle  of  the  telescope 
becomes  very  important.  An  easy  way  to  check  the 
adjustment  of  these  components  is  to  set  a  baseline.  A 
line  close  to  the  office  with  a  large  difference  in  elevation 
will  provide  the  best  results.  The  baseline  should  be  as 
long  as  the  longest  distance  that  will  be  measured  to 
determine  elevations  with  intermediate  points  at  100-  to 
200-foot  intervals.  Precise  elevations  of  the  points  along 
the  baseline  should  be  measured  by  differential  leveling. 
Set  up  the  total  station  at  one  end  of  the  baseline  and 
measure  the  elevation  of  each  point.  Comparing  the  two 
sets  of  elevations  provides  a  check  on  the  accuracy  and 
adjustment  of  the  instrument.  Accuracy  requirements  may 
dictate  that  more  than  one  set  of  angles  and  distances  be 
measured  to  each  point.  Some  examples  are  distances 
over  600  feet,  adverse  weather  conditions,  and  steep 
observations. 

f.  Atmospheric  corrections.  Instruments  used  to 
measure  atmospheric  temperature  and  pressure  must  be 
correctly  calibrated. 

g.  Optical  plummet  errors.  The  optical  plummet  or 
tribrachs  must  be  periodically  checked  for  misalignment. 

h.  Adjustment  of  prism  poles.  When  using  prism 
poles,  precautions  should  be  taken  to  ensure  accurate 
measurements.  A  common  problem  encountered  when 
using  prism  poles  is  the  adjustment  of  the  leveling  bubble. 
Bubbles  can  be  examined  by  establishing  a  check  station 
under  a  doorway  in  the  office.  First  mark  a  point  on  the 
top  of  the  doorway.  Using  a  plumb  bob,  establish  a  point 
under  the  point  on  the  doorway.  If  possible,  use  a  center 
punch  to  make  a  dent  or  hole  in  both  the  upper  and  lower 
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marks.  The  prism  pole  can  now  be  placed  into  the  check 
station  and  easily  adjusted. 

i.  Recording  errors.  The  two  most  common  errors 
associated  with  field  work  are  reading  an  angle  incorrectly 
and/or  entering  incorrect  information  into  the  field  book. 
Another  common  (and  potentially  disastrous)  error  is  an 
incorrect  rod  height.  Although  electronic  data  collection 
has  all  but  eliminated  these  errors,  it  is  still  possible  for 
the  surveyor  to  identify  an  object  incorrectly,  make  a  shot 
to  the  wrong  spot,  or  input  a  bad  target  height  or  HI.  For 
example,  if  the  surveyor  normally  shoots  a  fire  hydrant  at 
the  ground  level,  but  for  some  reason  shoots  it  on  top  of 
the  operating  nut,  erroneous  contours  would  result  if  the 
program  recognized  the  fire  hydrant  as  a  ground  shot  and 
was  not  notified  of  this  change  in  field  procedure. 

j.  Angles.  As  a  rule,  a  surveyor  will  turn  a  doubled 
angle  for  move-ahead,  traverse  points,  property  comers,  or 
other  objects  that  require  greater  accuracy.  On  the  other 
hand,  single  angles  are  all  that  are  required  for  topogra¬ 
phic  shots. 

4-26.  Controlling  Errors 

A  set  routine  should  be  established  for  a  survey  crew  to 
follow.  Standard  operating  procedure  should  require  that 
control  be  measured  and  noted  immediately  on  the  data 
collector  and  in  the  field  book  after  the  instrument  has 
been  set  up  and  leveled.  This  ensures  that  the  observa¬ 
tions  to  controlling  points  are  established  before  any  out¬ 
side  influences  have  had  an  opportunity  to  degrade  the 
setup.  In  making  observations  for  an  extended  period  of 
time  at  a  particular  instmment  location,  observe  the  con¬ 
trol  points  from  time  to  time.  This  ensures  that  any  data 
observed  between  the  control  shots  are  good,  or  that  a 
problem  has  developed  and  appropriate  action  can  be 
taken  to  remedy  the  situation.  As  a  minimum,  require 
survey  crews  to  observe  both  vertical  and  horizontal  con¬ 
trols  points  at  the  beginning  of  each  instmment  setup  and 
again  before  the  instmment  is  picked  up. 

a.  One  of  the  major  advantages  of  using  a  total 
station  equipped  with  data  collection  is  that  errors  previ¬ 
ously  attributed  to  blunders  (i.e.,  transposition  errors)  can 
be  eliminated.  Even  if  the  wrong  reading  is  set  on  the 
horizontal  circle  in  the  field  or  the  wrong  elevation  is 
used  for  the  bench,  the  data  itself  may  be  precise.  To 
make  the  data  accurate,  many  software  packages  will 
allow  the  data  to  be  rotated  and/or  adjusted  as  it  is  pro¬ 
cessed.  The  only  way  to  assure  that  these  corrections 
and/or  observations  have  been  accurately  processed  is  to 
compare  the  data  to  control  points.  Without  these 


observations  in  the  magnetically  recorded  data,  the  orien¬ 
tation  of  that  data  will  always  be  in  question. 

b.  The  use  of  a  total  station  with  a  data  collector 
can  be  looked  upon  as  two  separate  and  distinct  opera¬ 
tions.  The  checklists  for  setting  up  the  total  station  and 
data  collector  are  as  follows: 

(1)  Total  Station 

(a)  If  EDM  is  modular,  mount  it  on  instmment. 

(b)  Connect  data  collector. 

(c)  Set  up  and  level  instmment. 

(d)  Turn  on  total  station. 

(e)  Set  atmospheric  correction  (ppm).  This  should 
be  done  in  the  morning  and  at  noon. 

(f)  Set  horizontal  circle. 

(g)  Set  coordinates. 

(h)  Observe  backsight  (check  whether  azimuth  to 
backsight  is  180  degrees  from  previous  reading). 

(i)  Observe  backsight  benchmark  (obtain  difference 
in  elevation).  This  may  require  factoring  in  the  height  of 
reflector  above  benchmark. 

(j)  Compute  relative  instmment  height  (benchmark 
elevation  +/-  difference  in  height).  Note  height  of  rod 
and  note  computations  in  field  book. 

(k)  Input  Z  (elevation)  value  in  instmment  or  data 
collector. 

(l)  Observe  backsight  benchmark  (check  elevation). 

(m)  Invert  and  repeat  (check  elevation). 

(2)  Data  Collector 

(a)  Record  date  and  job  number. 

(b)  Record  crew  number  and  instmment  serial 
number. 

(c)  Record  field  book  number  and  page  number. 

(d)  Record  instmment  location  (coordinates). 
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(e)  Record  backsight  azimuth. 

(f)  Record  standard  rod  height. 

(g)  Record  height  of  instrument. 

Note:  All  the  above  information  should  also  be  recorded 
in  the  field  book. 

(h)  Observe  and  record  measurement  to  backsight 
benchmark. 

(i)  Enter  alpha  or  numeric  descriptor  of  above  point 
into  data  collector. 

(j)  Observe  and  record  measurement  backsight  bench¬ 
mark  or  check  benchmark  (if  setting  benchmark,  note  in 
field  book  and  repeat  with  instrument  inverted). 

(k)  Enter  alpha  or  numeric  descriptor  of  above  point 
into  data  collector. 

(l)  Observe  and  record  measurement  to  backsight. 

(m)  Enter  alpha  or  numeric  descriptor  of  above  point 
into  data  collector. 

(n)  Invert  and  repeat  steps  12  and  13. 

(o)  Observe  and  record  measurement  to  foresight. 

(p)  Enter  alpha  or  numeric  descriptor  of  above  point 
into  data  collector. 

(q)  Invert  and  repeat  steps  15  and  16. 

(r)  Observe  and  record  measurement  to  side  shot. 

(s)  Enter  alpha  or  numeric  descriptor  of  above  point 
into  data  collector  (repeat  steps  18  and  19  as  needed). 

(t)  When  setup  is  complete,  or  at  any  appropriate 
time,  repeat  shots  on  vertical  and  horizontal  control. 
Observe  the  displays  and  record  in  data  collector. 

4-27.  Coding  Field  Data 

Whether  data  are  recorded  by  hand  or  electronically,  one 
of  the  most  time-consuming  survey  operations  is  the 
recording  of  a  code  or  description  to  properly  identify  the 
point  during  processing.  For  example,  in  a  topographic  or 
planimetric  survey,  identification  of  points  which  locate 
the  position  of  curbs,  gutters,  center  lines,  manholes,  and 


other  similar  features  are  essential  for  their  correct  plot¬ 
ting  and  contour  interpolation. 

a.  In  spite  of  this  slow  coding  process  encountered 
when  using  today’s  data  collectors,  the  advantages  heavily 
outweigh  the  disadvantages.  These  advantages  include  the 
collection  of  error-free  numeric  data  from  electronic  total 
stations  virtually  at  the  instant  they  are  available  and  the 
error-free  transfer  of  these  data  to  an  office  computer  sys¬ 
tem  without  the  need  for  manual  entry. 

b.  Field  coding  allows  the  crew  to  perform  the 
drafting  and  provide  a  more  logical  approach.  Since  the 
field  crew  can  virtually  produce  the  map  from  the  field 
data  this  eliminates  the  need  for  many  field  book 
sketches.  They  can  also  eliminate  office  plotting,  editing 
by  connecting  the  dots,  etc.,  to  produce  a  final  product. 
Total  station  users  who  gather  data  to  be  processed  with 
other  systems  typically  record  descriptive  information 
with  each  point  measured,  and  gather  200  to  300  points 
per  day  with  the  total  station.  Users  report  300  to 
700  points  per  day  if  descriptive  information  is  kept  to  the 
necessary  minimum.  The  coding  scheme  is  designed  so 
the  computer  can  interpret  the  recorded  data  without 
ambiguity  to  create  a  virtually  finished  product. 

4-28.  Field  Computers 

Many  districts  perform  much  of  the  survey  reduction  in 
the  field.  The  greatest  advantage  of  this  procedure  is 
uncovering  a  mistake  which  can  easily  be  corrected  if  the 
crew  and  equipment  are  on  the  site.  Laptop  and  notebook 
computers  are  popular  field  items.  These  computers  are 
used  to  download  GPS  and  total  station  data.  Once  the 
files  are  stored  in  the  computer,  data  reduction  can  be 
done  easily  with  programs  stored  in  these  machines. 

a.  Listed  below  are  some  software  considerations  to 
install  on  topographic  field  computers: 

(1)  Interface  with  field  data  collector. 

(2)  A  system  of  predefined  codes  for  most  common 
objects  and  operations  in  a  database. 

(3)  User-defined  codes  for  site-specific  requirements 
in  a  database. 

(4)  Survey  adjustment  programs  such  as: 

•  Compass  rule  adjustment 

•  Transit  rule  adjustment 
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•  Crandell  method 

•  Least  squares 

•  Angle  adjustment 

•  Distance  adjustment 

(5)  Include  a  program  which  can  assign  an  alpha¬ 
numeric  descriptor  field  for  each  survey  point. 

(6)  Include  a  full-screen  editor  to  examine  and  edit 
ASCII  data  files. 

(7)  Have  an  interface  program  to  convert  files  to 
common  graphic  interchange  formats  such  as  IGES  or 
DXF. 

(8)  A  program  to  connect  features  which  were  not 
recorded  in  order  such  as  fence,  curb  and  gutter,  edge  of 
pavement,  waterline  etc. 

(9)  Provide  an  operating  system  which  will  be  com¬ 
patible  with  post-processing  machines  with  CADD  pro¬ 
grams  such  as  Intergraph,  Accugraph,  AutoCAD. 

(10)  Custom  programs  which  can  use  all  the  features 
available  to  the  total  station  or  the  data  collector. 

(11)  Select  software  which  provides  training  if 
possible. 

b.  Requirements  for  field  computer  in  data  collection 
are: 

(1)  Portable. 

(2)  Ruggedized  for  field  use. 

(3)  Processor:  80386  or  80486  must  run  MS-DOS 
4.0  and  greater. 

(4)  Memory:  640  kilobytes  main  memory  (mini¬ 
mum),  40  megabyte  internal  hard  disk  (minimum, 
80  megabyte  recommended). 

(5)  Disk  drives:  3y2-inch  floppy  720  k  or  1.44  meg 
(1.44  preferred)  external  5  Vi-inch  floppy. 

(6)  Math  coprocessor  needed  (must  be  compatible 
with  main  processor)  (386). 

(7)  Serial  port  (RS  232),  parallel  port. 


(8)  Modem:  2400  baud  autodial  (Hayes  compatible). 

(9)  VGA  or  Super  VGA  graphics. 

(10)  Portable  ink-jet  printer. 

4-29.  Modem  for  Data  Transfer  (Field  to  Office) 

A  modem  is  a  device  that  modulates  and  demodulates 
binary  data  transmission  over  a  telephone  network.  This 
device  MODulates  the  carrier  for  transmission  and 
DEModulates  for  reception;  hence  the  term  MODEM. 
The  carrier  is  simply  a  tone  with  three  characteristics,  any 
one  of  which  can  be  varied  or  modulated  to  impose  a 
signal  on  the  carrier.  They  include  amplitude,  frequency, 
and  phase.  The  exact  method  of  variation  must  be  the 
same  for  two  or  more  modems  to  be  termed  “compatible.” 

4-30,  Trigonometric  Leveling  and  Vertical 
Traversing 

Trigonometric  leveling  is  the  single  most  important  new 
application  brought  into  widespread  use  by  the  increasing 
acceptance  of  the  total  station.  It  is  a  fair  statement  that 
the  error  sources  and  types  which  affect  trigonometric 
leveling  measurements  are  among  the  least  understood  of 
the  commonly  done  surveying  procedures.  See  Table  4-2. 
A  knowledge  of  the  limitations  of  trigonometric  leveling, 
together  with  means  (instrumentation  and  procedures)  to 
account  for  such  limitations,  is  essential  in  using  and 
supporting  the  use  of  modem  surveying  technology. 

a.  Total  station  trigonometric  leveling  can  achieve 
accuracies  similar  to  those  reached  using  a  spirit  level. 
Third-Order  accuracy  should  be  easily  obtainable.  First- 
Order  accuracy  has  been  done,  but  the  procedures  are 
involved  and  not  commonly  followed. 

b.  Figures  4-8  and  4-9  depict  the  advantage  of 
trigonometric  leveling  over  that  of  spirit  levels,  especially 
high  relief  terrain. 


Table  4-2 

Elevation  Errors  Due  to  Errors  in  Zenith  Angles.  (Distances  in 
Feet)  _ _  _ 


Sight  Distance  Vertical  Angle  Uncertainty 


1  Sec 

5  Sec 

10  Sec 

60  Sec 

100 

0.0005 

0.0024 

0.005 

0.03 

200 

0.0010 

0.0048 

0.010 

0.06 

400 

0.0019 

0.0097 

0.019 

0.12 

500 

0.0024 

0.0121 

0.024 

0.15 

1,000 

0.0048 

0.0242 

0.049 

0.29 

4-21 


EM  1110-1-1005 
31  Aug  94 


To  measure  the  differerm  in  height  between  two 
points  (A  and  B)  using  spirit  (eveling,  do  this: 


A  B 

This  process  wouJd  be  conanued  over  many  setups 
to  form  a  line  of  levels,  or  a  level  run,  where 
the  points  A  and  B  are  not  visible  from  the 
one  level  setup. 


A  B 


Figure  4-8.  Spirit  leveiing 


4-31.  Trigonometric  Leveling  Fieid  Procedures 

To  obtain  Third-  or  Second-Order  vertical  accuracies  with 
a  total  station,  the  following  field  procedures  should  be 
rigorously  followed: 

•  Careful  setup  and  leveling 

•  Use  Face  I  and  Face  II  observations 

•  Reciprocal  measurements 


•  Take  multiple  observations 

•  Protect  instrument  from  sun  and  wind 

•  Use  proper  targetry  based  on  Inst/EDM 
configuration 

-  Tilting  target  if  necessary 

-  Good  quality  reflectors 

-  Correct  prism  offsets 

-  Unambiguous  target 

-  Maintain  targetry  in  good  adjustment 

•  Limited  sight  distances 

-  300  meters  max 

-  Reduce  atmospheric-related  error 

-  Improves  vertical  angle  accuracy 

•  Accurately  measure  temperature  and  pressure 

-  At  least  twice  a  day 

-  If  long  steep  line  measurements  at  both  ends, 
use  averages 

•  Watch  for  adverse  refraction 

4-32.  Trigonometric  Leveling  Error  Sources 

The  following  error  sources  impact  the  accuracy  of  trigo¬ 
nometric  leveling  with  electronic  total  stations: 

•  Instrument 

-  Distances 

-  Vertical  angle  accuracy 

-  Vertical  compensator  important,  dual  axis 
compensation 

-  No  boost  to  vertical  angle  accuracy 

•  Nature 

-  Curvature  and  refraction 

-  Temperature/pressure  correction 

-  Wind,  sun,  and  weather 

•  Operator 

-  Accurate  pointing 

-  Lots  of  measurements 

-  Reciprocal  measurements 

-  Measure  HI  and  HT 
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Table  4-3  shows  the  precision  resulting  from  horizontal 
distance  and  vertical  angular  measurements  as  needed  to 
resolve  differences  in  elevations  from  trigonometric 
observation. 


Table  4-3 

Combining  Sources  of  Error  (500-foot  line) 

Errors  in  Vertical  Angle  Measurement 


Source 

Type 

Nominal  Amount 

Instrument  accuracy 

Random 

+/-  3  sec 

Collimation 

Systematic 

+/-  3  sec 

Measure  HI  and  HT 

Random 

+/-0.005  to  0.1  ft 

C  and  R 

Systematic 

0.005  ft 

Hand-held  prism  pole 

Random 

+/-  0.005  ft 

30-mm  prism  offs  error 

Random 

+/-  3  mm 

Heatwaves 

Random 

+/-  0.01  ft 

Unshaded  instrument 

Random 

+/-  5  in.  to  10  sec 

Combined  angular  and  linear  error  is  between  -0.024  and 
0.048  foot.  Vertical  angle  precision  for  the  500-foot  line  is  there¬ 
fore  in  the  range  1:10,000  and  1:210,000. 


Errors  in  Distance  Measurement 


Source 

Type 

Nominal  Amount 

Nominal  accuracy 

Random 

+/-(5  mm  +  5  ppm) 

Temp  estimation 

Random 

+/- 10  degrees  F 

Pressure  estimation 

Random 

+/-  0.5  in  Hg 

Prism  and  Instr  cal. 

Systematic 

+/-  2  mm 

Prism  mispointing 

Random 

+/-  0.35  mm 

Hand-held  prism  pole 

Random 

+/-  5  ft  (fore/ft  lean) 

Combined  error  is  between  -0.0414 

and  +0.0546  foot.  On  this 

500-ft  line,  this  gives  a  range  in  precision  of  1:9,000  to  1:12,000. 
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Chapter  5 

Data  Collection  Procedures  for  the  Total 
Station 


5-1.  General 

In  the  first  step  of  the  process,  the  field  survey,  the  verti¬ 
cal  and  horizontal  angles  are  measured  along  with  slope 
distances  using  the  total  station.  The  angle  and  distances 
are  stored  with  a  point  number  and  description  in  the  data 
collector.  The  survey  data  are  then  transferred  to  the 
microcomputer  via  a  cable  connection  for  data  processing 
and  field  data  storage.  The  microcomputer  is  either  an 
in-office  desktop  system  or  a  laptop  model  that  can  be 
used  on  site. 

a.  The  data  are  then  processed  in  the  microcomputer 
to  produce  a  coordinate  file  which  contains  point  number, 
point  code,  X-Y-Z  coordinate  values,  and  a  point 
descriptor. 

b.  Once  the  data  are  on  the  workstation,  they  are 
converted  into  a  graphics  design  file  for  use  in  a  CADD 
program  such  as  MicroStation  or  AutoCad.  The  program 
CVTPC,  available  through  the  U.S.  Army  Topographic 
Engineering  Center,  can  be  used  to  convert  the  ASCII 
files  into  Intergraph  design  files.  Level,  label,  symbol, 
and  line  definitions  are  assigned  to  each  point  based  upon 
point  code.  The  program  can  transform  data  into  a  two- 
dimensional  (2D)  or  three-dimensional  (3D)  design  file. 

c.  The  3D  file  is  used  to  create  the  digital  terrain 
model  (DTM)  which  is  used  to  produce  the  contours. 
The  resulting  topographic  data  are  then  plotted  for  review. 
Final  editing  and  addition  of  notes  are  completed,  yielding 
topographic  data  in  a  digital  format  or  as  a  plotted  map. 

d.  Uniform  operating  procedures  are  needed  to  avoid 
confusion  when  collecting  survey  data.  The  use  of  proper 
field  procedures  is  essential  to  prevent  confusion  in  gener¬ 
ating  a  map.  Collection  of  survey  points  in  a  meaningful 
pattern  aids  in  identifying  map  features. 

5-2.  Functional  Requirements  of  a  Generic  Data 
Collector 

The  question  of  field  note  is  an  important  issue.  Some 
districts  require  field  notes  to  be  kept,  while  others  use  a 
data  collector  to  replace  field  notes.  An  important  distinc¬ 
tion  is  made  if  field  notes  are  not  required^  and  the  data 
collector  is  used  as  an  “electronic  field  book.”  Total 


stations  calculate  coordinates  in  situ  and  can  continuously 
store  coordinates,  either  in  their  own  memory  or  in  a  data 
collector.  If  field  notes  are  required^  only  specific  items 
are  considered  in  the  transfer  of  data  from  a  data  collector 
to  an  office  computer.  The  advantage  of  this  method  is 
that  a  check  is  provided  on  field  notes.  Most  field  note 
errors  are  made  by  transcription,  e.g.,  writing  12  instead 
of  21  in  the  field  book.  Data  transmitted  to  an  office 
computer,  through  an  RS-232C  port,  can  be  listed  on  an 
office  printer  to  provide  a  check  for  transposition  errors  in 
the  field  notes.  If  the  data  collection  is  bidirectional,  then 
it  must  receive  data  from  the  office  computer  for  stake¬ 
out  purposes  as  well  as  transmit  data  to  the  computer. 
Field  notes  can  again  be  considered  or  ignored. 

a.  Some  districts  feel  that  the  electronically  col¬ 
lected  data  is  the  field  book  required.  Other  districts  still 
require  that  a  field  book  be  kept  for  data  safeguarding  and 
legal  issues.  When  field  books  are  kept  the  entries  are 
compared  to  the  files  generated  by  the  data  collection 
processing.  All  data  are  booked  in  the  format  of  the  stan¬ 
dards  set  by  each  district  or  branch.  In  many  cases  there 
are  rarely  two  districts  that  have  a  standard  format  of 
notekeeping  that  is  identical. 

b.  Four  types  of  notes  are  kept  in  practice: 
(1)  sketches,  (2)  tabulations,  (3)  descriptions,  and 
(4)  combinations  of  these.  The  most  common  type  is  a 
combination  form,  but  an  experienced  recorder  selects  the 
version  best  fitted  to  the  job  at  hand.  The  location  of  a 
reference  point  may  be  difficult  to  identify  without  a 
sketch,  but  often  a  few  lines  of  description  are  enough. 
Benchmarks  are  also  described.  In  notekeeping  this 
axiom  is  always  pertinent:  when  in  doubt  about  the  need 
for  any  information,  include  it  and  make  a  sketch.  It  is 
better  to  have  too  much  data  than  not  enough. 

c.  Observing  the  suggestions  listed  here  will  elimi¬ 
nate  some  common  mistakes  in  recording  notes: 

•  Letter  the  notebook  owner’s  name  and  address 
on  the  cover  and  first  inside  page,  in  India  ink. 

•  Use  a  hard  pencil  or  pen,  legible  and  dark 
enough  to  copy. 

•  Begin  a  new  day’s  work  on  a  new  page. 

•  Immediately  after  a  measurement,  always  record 
it  directly  in  the  field  book  rather  than  on  a 
sheet  of  scrap  paper  for  copying  it. 

•  Do  not  erase  recorded  data. 


5-1 


EM  1110-1-1005 
31  Aug  94 


•  Use  sketches  instead  of  tabulations  when  in 
doubt. 

•  Avoid  crowding. 

•  Title,  index,  and  cross-reference  each  new  job  or 
continuation  of  a  previous  one. 

•  Sign  surname  and  initials  in  the  lower  right-hand 
comer  of  the  right  page  on  all  original  notes. 

d.  Figures  5-1  and  5-2  are  examples  of  sketches  in  a 
field  book  used  for  digital  surveys.  Topographic  locations 
are  numbered  according  to  data  record  numbers.  Data 
record  numbers  (point  numbers)  depict  what  type  of  loca¬ 
tion  and  where  locations  were  measured.  This  helps 
office  personnel  improve  digital  field  drawings  into  final 
design  drawings.  More  important,  blunders  and  mis¬ 
labeled  feature  codes  may  be  caught  before  costly  design 
errors  are  made.  The  finished  map  and  the  sketch  should 
be  similar.  Sketches  are  not  required  to  be  at  any  scale. 

e.  Electronic  files  are  sufficient  for  submittal  with¬ 
out  identical  hand  entries  from  a  field  book.  Video  and 
digital  cameras  can  be  used  to  supplement  the  field  sketch 
and  provide  a  very  good  record  of  the  site  conditions  for 
the  CADD  operator,  design  engineer,  and  user  of  the 
topographic  map. 

5-3.  Data  Collection  Operating  Procedures 

Uniform  operating  procedures  are  needed  to  avoid  confu¬ 
sion  when  collecting  survey  data.  The  use  of  proper  field 
procedures  is  essential  to  prevent  confusion  in  generating 
a  map.  Collection  of  survey  points  in  a  meaningful  pat¬ 
tern  aids  in  identifying  map  features.  Experience  has 
resulted  in  the  following  steps  for  collection  of  field  data: 

a.  Establish  horizontal  and  vertical  control  for  radial 
survey.  This  includes  bringing  control  into  the  site  and 
establishing  setup  points  for  the  radial  survey.  Primary 
control  is  often  brought  into  the  site  using  the  GPS  satel¬ 
lite  receivers.  The  traverse  through  radial  setup  points 
can  be  conducted  with  a  total  station  as  the  radial  survey 
is  being  performed.  Experience  indicates  a  separate 
traverse  is  preferable.  A  separate  traverse  results  in  less 
opportunity  for  confusion  of  point  identification  and 
allows  the  quality  of  the  traverse  to  be  evaluated  before  it 
is  used.  Elevations  are  established  for  the  radial  traverse 
points  using  conventional  leveling  techniques  instead  of 
the  trigonometric  values  determined  from  the  total  station. 


b.  Perform  radial  surveys  to  obtain  information  for 
mapping. 

(1)  Set  the  total  station  over  control  points  estab¬ 
lished  as  described  above. 

(2)  Measure  and  record  the  distance  from  the  control 
point  up  to  the  electronic  center  of  the  instrument,  as  well 
as  the  height  of  the  prism  on  the  prism  pole. 

(3)  Maintain  accuracy.  To  prevent  significant  errors 
in  the  map  elevations,  the  surveyor  must  report  and  record 
any  change  in  the  height  of  the  prism  pole.  For  accuracy, 
use  a  suitable  prism  and  target  that  matches  optical  and 
electrical  offsets  of  the  total  station. 

c.  Collect  data  in  a  specific  sequence. 

(1)  Collect  planimetric  features  (roads,  buildings, 
etc.)  first. 

(2)  Enter  any  additional  data  points  needed  to  define 
the  topography. 

(3)  Define  break  lines.  Use  the  break  lines  in  the 
process  of  interpolating  the  contours  to  establish  regions 
for  each  interpolation  set.  Contour  interpolation  will  not 
cross  break  lines.  Assume  that  features  such  as  road 
edges  or  streams  are  break  lines.  They  do  not  need  to  be 
redefined. 

(4)  Enter  any  additional  definition  of  ridges,  vertical, 
fault  lines,  and  other  features. 

d.  Draw  a  sketch  of  planimetric  features.  A  sketch 
or  video  of  planimetric  features  is  an  essential  ingredient 
to  proper  deciphering  of  field  data.  The  sketch  does  not 
need  to  be  drawn  to  scale  and  may  be  crude,  but  must  be 
complete.  A  crude  sketch  is  shown  in  Figure  5-3.  The 
sketch  is  of  an  office  courtyard.  Numbers  listed  on  the 
sketch  show  point  locations.  The  sketch  helps  the  CADD 
operator  who  has  probably  never  been  to  the  jobsite  con¬ 
firm  that  the  feature  codes  are  correct  by  checking  the 
sketch. 

(1)  A  detail  sketch  is  shown  in  Figure  5-4.  This 
information  is  critical  to  the  design  engineer.  Detail 
sketches  can  be  used  to  communicate  complex  informa¬ 
tion  directly  to  the  engineer  without  lengthy  discussions. 
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(2)  Miscellaneous  descriptive  notes  can  also  be  shown 
on  the  sketch  for  later  addition  to  the  design  file.  These 
notes  are  usually  clearer  and  contain  more  information 
when  shown  on  the  sketch  than  when  entered  into  the 
data  collector.  Figures  5-5  and  5-6  indicate  more  infor¬ 
mation  than  can  be  typed  into  a  data  collector  at  the  pres¬ 
ent  time. 

e.  Obtain  points  in  sequence.  The  translation  to 
CADD  program  will  connect  points  that  have  codes  asso¬ 
ciated  with  linear  features  (such  as  the  edge  of  road)  if 
the  points  are  obtained  in  sequence.  For  example,  the 
surveyor  should  define  an  edge  of  a  road  by  giving  shots 
at  intervals  on  one  setup.  Another  point  code,  such  as 
natural  ground,  will  break  the  sequence  and  will  stop 
formation  of  a  line  on  the  subsequent  CADD  file.  The 
surveyor  should  then  obtain  the  opposite  road  edge. 

/  Use  proper  collection  techniques.  Using  proper 
techniques  to  collect  planimetric  features  can  give  auto¬ 
matic  definition  of  many  of  these  features  in  the  CADD 
design  file.  This  basic  picture  helps  in  operation  orienta¬ 
tion  and  results  in  easier  completion  of  the  features  on  the 
map.  Improper  techniques  can  create  problems  for  office 
personnel  during  analysis  of  the  collected  data.  The  func¬ 
tion  performed  by  the  surveyor  in  determining  which 
points  to  obtain  and  the  order  in  which  they  are  gathered 
is  crucial.  This  task  is  often  done  by  the  party  chief 
Cross-training  in  office  procedures  gives  field  personnel  a 
better  understanding  of  proper  field  techniques. 

(1)  Most  crews  will  make  and  record  250-400  mea¬ 
surements  per  day.  This  includes  any  notes  that  must  be 
put  into  the  system  to  define  what  was  measured.  A 
learning  curve  is  involved  in  the  establishment  of  produc¬ 
tivity  standards.  It  usually  takes  a  crew  five  to  six  pro¬ 
jects  to  become  confident  enough  with  their  equipment 
and  the  coding  system  to  start  reaching  system  potential. 

(2)  A  two-person  crew  is  most  efficient  when  the 
typical  spacing  of  the  measurements  is  less  than  50  feet. 
When  working  within  this  distance,  the  average  rod  per¬ 
son  can  acquire  the  next  target  during  the  time  it  takes  the 
instrument  operator  to  complete  the  measurement  and 
input  the  codes  to  the  data  collector.  The  instrument 
operator  usually  spends  about  20  seconds  sighting  a  target 
and  recording  a  measurement  and  another  5-10  seconds 
coding  the  measurement. 

(3)  When  the  general  spacing  of  the  measurements 
exceeds  50  feet,  having  a  second  rod  person  will  increase 
productivity.  A  second  rod  person  allows  the  crew  to 
have  a  target  available  for  measurement  when  the 


instrument  operator  is  ready  to  start  another  measurement 
coding  sequence.  Once  the  measurement  is  completed, 
the  rod  person  can  move  to  the  next  shot,  and  the  instru¬ 
ment  operator  can  code  the  measurement  while  the  rod 
people  are  moving.  If  the  distance  of  that  move  is  50  feet 
or  greater,  the  instrument  will  be  idle  if  you  have  only 
one  rod  person. 

(4)  Data  collection  provides  a  tremendous  increase 
in  the  speed  of  field  work  by  eliminating  the  need  to  read 
and  record  measurements  and  other  information. 

(5)  On  jobs  where  a  large  number  of  shots  are 
needed,  the  use  of  two  (or  more)  rod  persons  has  resulted 
in  excellent  time  and  cost  savings.  Communication 
between  rod  person  and  instrument  person  is  commonly 
done  via  T/R  radio.  The  rodmen  can  work  independently 
in  taking  ground  shots  or  single  features;  or  they  can 
work  together  by  leapfrogging  along  planimetric  or  topo¬ 
graphic  feature  lines.  When  more  than  one  rod  person  is 
used,  crew  members  should  switch  jobs  throughout  the 
day.  This  helps  to  eliminate  fatigue  in  the  person  operat¬ 
ing  the  instrument. 

5-4.  Field  Crew  Responsibility 

a.  Upon  the  completion  of  the  file  transfer,  make  a 
backup  copy  of  the  raw  data.  Once  this  transfer  is  com¬ 
plete,  and  ONLY  AFTER  this  transfer  is  complete,  then 
the  data  in  the  data  collector  can  be  deleted. 

b.  Print  a  copy  of  the  formatted  data  and  check  it 
against  the  field  notes.  Check  the  field  input  of  data 
against  the  field  notes.  Specifically,  check  the  instrument 
locations,  azimuths  to  backsights,  and  the  elevation  of 
benchmarks.  Also  scan  the  data  for  any  information  that 
seems  to  be  out  of  order.  Check  rod  heights. 

c.  Edit  the  data.  Eliminate  any  information  that 
was  flagged  in  the  field  as  being  in  error.  In  the  system, 
make  a  record  of  any  edits,  insertions,  deletions,  who 
made  them,  and  when  they  were  made. 

d.  Process  the  control  data.  Produce  a  short  report 
of  the  data  that  were  collected  in  the  field.  Check  the 
benchmark  elevation  to  be  certain  that  the  given  elevation 
is  the  calculated  elevation  and  that  the  coordinates  of  the 
backsights  and  foresights  are  correct. 

e.  To  assure  that  good  data  are  being  supplied  by 
the  field,  make  certain  that  the  field  crew  fully  under¬ 
stands  the  automated  processes  that  are  being  used  and 
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that  they  take  care  to  gather  data  appropriately.  It  is 
much  easier  and  more  productive  for  the  field  crew  to  get 
a  few  extra  shots  where  they  know  there  will  be  difficulty 
in  generating  a  good  contour  map  than  it  will  be  for  those 
in  the  office  to  determine  where  certain  shots  should  have 
been  made  and  add  them  to  the  database.  Also  make  sure 
they  pick  up  all  breaklines  necessary  to  produce  the  final 
map. 

/  The  field  crew  will  need  to  become  educated 
about  the  contouring  package  used  by  the  branch.  As  the 
data  are  brought  in  from  the  first  few  projects  and  period¬ 
ically  thereafter,  the  crew  should  observe  the  product  pro¬ 
duced  by  the  contouring  program.  This  will  help  them  to 
understand  where  and  what  amount  of  data  may  be 
needed  to  get  the  best  results. 

g.  The  office  staff  needs  to  be  aware  that  in  some 
circumstances  the  field  will  have  difficulty  in  getting 
some  information  (terrain  restrictions,  traffic,  etc.). 

h.  The  person  responsible  for  the  field  work  should 
be  involved  in  the  initial  phase  of  editing,  because  he  or 
she  will  most  likely  remember  what  took  place.  Prefera¬ 
bly,  the  editing  should  be  done  the  same  day  the  data  are 
gathered,  while  the  field  person’s  memory  is  still  fresh. 
If  it  is  not  possible  for  someone  to  walk  the  site  to  ensure 
that  the  final  map  matches  the  actual  conditions,  then  the 
field  person  should  be  the  one  to  review  the  map. 

5-5.  Surveyor-Data  Collector  Interface 

For  many  surveying  operations,  electronic  data  collection 
is  routine.  However,  once  the  data  are  collected,  most 
software  systems  require  a  large  amount  of  post-process¬ 
ing  to  produce  a  map  showing  planimetries  and  contours. 

a.  Computer  interfacing.  Many  of  the  benefits  of 
automated  data  collection  are  lost  if  the  data  stored  can¬ 
not  be  automatically  transferred  to  a  computer  system. 

b.  Hardware  compatibility.  Most  micro-  and  mini¬ 
computers  on  the  market  today  are  supplied  with  or  have 
as  an  option  a  serial  interface  board.  The  serial  interface 
typically  supports  communications  at  different  baud  rates 
(speed  of  transmission)  and  with  different  parity  settings. 
To  control  the  flow  of  data,  either  a  hardware  or  software 
handshake  is  used.  Cables  are  connected  to  the  serial 
interface  board  using  a  standard  25-pin  connector.  Occa¬ 
sionally  nonstandard  connectors  with  a  different  number 
of  pins  are  used.  Every  data  collector  stores  data  in  a 
different  format  and  the  problem  is  to  translate  the  data 
from  the  data  collector  format  into  a  file  with  a  standard 


ASCII  format.  Data  standardization  will  become  more 
important  in  the  future  and  surveyors  should  be  searching 
for  methods  which  make  system  integration  easier. 

5-6.  Digital  Data 

The  fact  that  survey  data  collected  by  computer  is  in 
digital  form  has  until  recently  been  of  interest  only  to 
surveyors  themselves.  Since  the  final  product  delivered  to 
the  clients  were  drawings,  surveyors  have  needed  to  invest 
in  only  the  computer  equipment  and  software  they  needed 
to  get  the  digital  data  collected  and  plotted  as  a  scaled 
drawing.  Now  the  situation  is  changing.  The  prolifera¬ 
tion  of  computer  graphics  used  by  architects,  engineers, 
and  developers  has  meant  that  surveyors  are  asked,  even 
required,  to  deliver  survey  information  in  digital  format. 
These  demands  can  pose  thorny  technical  problems  for 
those  who  did  not  consider  this  eventuality  when  they 
acquired  their  computer  systems.  The  time  and  expense 
to  work  out  the  technical  details  of  digital  data  delivery 
can  be  prohibitive  to  those  who  consider  themselves  as 
surveyors,  not  computer  experts. 

5-7,  Digital  Transfer 

There  are  two  ways  to  transfer  survey  information  digi¬ 
tally:  as  numeric  data  or  as  graphic  files.  The  first  is 
simpler  from  the  surveyor’s  point  of  view.  It  begins  with 
a  text  file-the  sort  of  data  that  can  be  produced  using  a 
word  processor.  Text  files  are  easiest  to  transfer  between 
computers,  but  the  clients  want  data  that  computer  soft¬ 
ware  can  interpret  to  produce  drawings,  not  raw  field 
notes. 

a.  Again,  if  the  surveying  software  permits  the  out¬ 
put  of  the  appropriate  information  in  a  text  file,  reformat¬ 
ting  that  information  is,  at  worst,  a  minor  programming 
task  and  may  be  possible  simply  through  the  global 
replacement  feature  of  a  word  processing  package.  How¬ 
ever,  surveyors  who  use  word  processors  to  edit  text  files 
should  be  sure  to  use  the  “ASCII”  output  option  that  is 
available  in  most  word  processors.  This  creates  a  “gen¬ 
eric”  text  file  without  embedded  control  or  formatting 
characters. 

b.  Most  CADD  systems  require  digital  deliverables 
and  graphics  files  compatible  with  their  particular  system. 
This  is  a  more  problematic  request  because,  unlike  COCO 
tables  which  are  uniform  no  matter  which  vendor’s  ver¬ 
sion  of  COCO  is  being  used,  every  CADD  system  has  a 
unique  and  proprietary  graphic  data  format.  This  means, 
for  example,  that  graphic  data  produced  in  AutoCad  can¬ 
not  be  loaded  onto  an  Intergraph  system  without  some 
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sort  of  intermediary  “translation.”  Thus,  even  when  data 
collectors  are  interfaced  with  a  major  CADD  package,  the 
diversity  of  CADD  systems  being  used  in  the  United 
States  today  virtually  guarantees  there  will  be  clients 
using  different  systems  and  unable  to  load  the  graphic  file 
directly. 

c.  Translation  of  graphics  data  can  be  handled  in 
two  ways,  by  direct  translation  or  through  a  neutral  for¬ 
mat.  A  direct  translator  is  a  computer  program  that  reads 
graphic  data  in  one  specific  CADD  system’s  format  and 
outputs  the  same  graphic  information  in  a  second  CADD 
system’s  format.  Although  this  is  generally  the  quickest 
and  most  foolproof  way  to  perform  translation,  it  is  often 
the  most  expensive.  Since  direct  translation  programs 
only  address  the  problem  of  translation  between  two  spe¬ 
cific  systems,  several  different  translation  programs  may 
be  necessary  to  provide  data  that  meet  the  compatibility 
requirements  of  all  the  surveyor’s  clients. 

d.  Since  all  CADD  vendors  regard  their  data  formats 
as  proprietary,  this  process  generally  requires  program¬ 
mers  who  are  intimately  familiar  with  both  CADD  sys¬ 
tems  to  write  translation  software. 

e.  It  may  be  hard  to  locate  all  the  programs 
required.  Software  prices  are  high  because  there  is  little 
competition  in  this  market.  And  there  is  a  limited  number 
of  buyers  who  need  to  communicate  between  any  two 
specific  CADD  systems.  Finally,  most  CADD  vendors 
release  at  least  one,  and  sometimes  two,  new  versions  of 
their  software  each  year.  Many  releases  include  changes 
in  graphic  data  format,  so  direct  translation  software  can 
have  a  life  of  a  less  than  a  year. 

f.  Users  may  purchase  software  maintenance  con¬ 
tracts.  Like  hardware  maintenance,  these  generally  charge 
a  monthly  fee  to  guarantee  users  that  the  software  will  be 
upgraded  when  either  CADD  system  changes  its  data 
format.  Users  can  purchase  each  updated  version  as  it 
becomes  available. 

g.  The  second  way  to  tackle  graphic  data  translation 
is  through  neutral  format  translators.  A  neutral  format  is 
a  nonproprietary  graphic  data  format  intended  to  facilitate 
transfer  of  graphic  information  between  CADD  systems. 
Documentation  is  made  available  to  the  public.  One  such 
format,  the  Initial  Graphic  Exchange  Specification  (IGES), 
is  an  ANSI  standard,  and  documentation  is  available 
through  the  National  Technical  Information  Service  in 
Washington.  Other  neutral  formats  have  been  designed 
by  specific  CADD  vendors  to  facilitate  data  exchange 
with  their  systems.  The  two  most  frequently  used  are 


Auto  Desk’s  Drawing  Interchange  Format  (DXF)  and 
Intergraph’s  Standard  Interchange  Format  (SIF).  The 
neutral  format  most  commonly  used  a  few  years  ago  was 
SIF,  but  DXF  now  appears  to  be  more  generally  accepted, 
particularly  among  PC-based  CADD  users.  (The  other 
format  in  which  graphic  data  are  sometimes  transferred 
between  CADD  systems  is  a  plot  format,  typically  Cal- 
Comp  or  Hewlett-Packard.) 

k  Neutral  format  translation  requires  two  steps. 
First,  the  originator  of  the  data,  in  this  case  the  surveyor, 
translates  the  graphic  information  from  a  CADD  system’s 
proprietary  format  into  the  neutral  format.  This  is  the 
format  in  which  the  data  are  delivered  to  the  client.  The 
client  must  then  translate  the  data  from  the  neutral  format 
to  a  CADD  system’s  proprietary  format. 

/.  A  major  inconvenience  of  this  approach  is  that  it 
takes  at  least  twice  as  long  as  direct  translation.  With  a 
large  survey,  it  can  eat  up  time  on  both  the  surveyor’s 
and  the  user’s  systems.  Another  problem  is  that  users 
may  need  to  purchase  translation  programs  between  the 
neutral  format  and  their  CADD  systems  if  vendors  do  not 
provide  them  as  part  of  the  CADD  software  purchases. 

j\  Finally,  programs  do  not  always  execute  pro¬ 
perly.  This  can  be  due  to  an  error  in  the  software  or  a 
mistake  on  the  part  of  the  user.  Translation  programs, 
whether  direct  or  neutral  format,  are  no  exception.  The 
added  difficulty  with  the  neutral  format  approach  is  that  it 
is  difficult  to  pinpoint  where  the  failure  occurred— at  the 
surveyor’s  end  or  at  the  user’s.  The  situation  is  parti¬ 
cularly  frustrating  when  a  client  who  has  had  painful 
experiences  with  unsuccessful  and  costly  graphic  data 
translations  may  demand  that  the  data  be  delivered  in 
their  CADD  system’s  format. 

t  New  computer  products  are  being  made  avail¬ 
able  every  day.  Often  there  is  a  trade-off  between  the 
enhanced  degree  of  functionality  in  state-of-the-art  soft¬ 
ware  packages  and  their  limitations  in  translation  capabil¬ 
ity.  If  a.  software  package  proves  to  be  truly  exceptional 
and  finds  a  large  number  of  users,  translation  software 
will  almost  surely  follow.  If  the  software  has  limited 
appeal,  either  because  it  is  extremely  special-purpose  or 
because  it  is  not  well  marketed,  compatibility  problems 
will  most  likely  persist. 

/.  Requests  for  digital  data  deliverables  will  cer¬ 
tainly  become  more  frequent.  Large  users  like  the 
US  ACE  have  recently  made  major  commitments  to  move 
to  a  computer-based  design  and  documentation  process. 
This  means  that  not  only  will  the  Corps  be  requesting 
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CADD  deliverables,  but  increasing  numbers  of  consultants 
will  convert  their  operations  to  CADD  to  be  able  to 
satisfy  the  Corps’  requirements.  Surveyors  currently 
looking  at  new  computer  systems  or  considering  an 
upgrade  should  make  data  exchange  capability  a  major 
criterion.  They  should  contact  major  clients  to  determine 
their  CADD  preference  and  quiz  prospective  software 
vendors  about  their  translation  software  capabilities.  If 
the  necessary  translation  software  is  available  but  too 
expensive,  the  vendor  may  be  able  to  recommend  service 
bureaus  that  provide  translation  services. 

w.  Surveyors  who  have  computer  systems  and  are 
generally  pleased  with  their  software’s  functionality,  but 
who  are  encountering  requests  for  digital  deliverables, 
should  do  a  quick  survey  of  their  major  clients  to  deter¬ 
mine  what  CADD  equipment  they  are  using.  They  should 
then  contact  their  software  vendor  to  see  what  solutions 
they  suggest.  There  may,  in  fact,  be  a  translation  pro¬ 
gram  already  available,  either  through  vendor  or  through  a 
third  party.  If  not,  the  more  requests  the  vendor  gets  for 
translation  capability,  the  more  viable  a  translation  pro¬ 
gram  will  appear  as  a  new  software  product. 

n.  Another  good  source  of  information  is  a  software 
users  group,  if  one  exists.  Finally,  the  surveyor  can  con¬ 
tact  CADD  service  bureaus  in  the  area  to  see  what  data 
translation  services  they  are  able  to  perform.  Fortunately, 
many  service  bureaus  have  invested  heavily  in  translation 
software  and  are  becoming  expert  in  CADD  data  transla¬ 
tion  into  a  number  of  formats. 

o.  One  caution:  be  sure  to  test  data  translation  soft¬ 
ware  using  “real  life”  data.  Also  ask  for  references  who 
are  surveyors  or  civil  engineers.  Graphic  data  translation 
is  tricky,  and  a  translation  program  that  works  wonder¬ 
fully  for  2D  architectural  floor  plans  may  be  totally  inca¬ 
pable  of  handling  3D  survey  data. 

/?.  A  final  concern  in  the  delivery  of  digital  data  is 
the  media  on  which  the  data  will  be  transferred.  CADD 
files  are  relatively  large  and  extremely  cumbersome  to 
transfer  via  modem.  Much  preferable  and  more  reliable  is 
the  physical  transfer  of  a  diskette,  magnetic  tape,  or  tape 
cartridge.  When  surveyors  discuss  CADD  deliverable 
with  clients,  they  should  explore  the  question  of  which 
media  the  clients  use.  Those  with  large  computers  proba¬ 
bly  prefer  1 /2-inch  9-track  magnetic  tape.  Those  using 
micros  will  want  diskettes  or  cartridge  tapes.  Whereas 
the  large  magnetic  tape  specification  is  standard,  both 


diskettes  and  cartridges  come  in  a  variety  of  sizes  and 
formats:  high  density,  double  density,  etc.  The  surveyor 
may  decide  to  forgo  a  3-1/2-inch  floppy  drive  if  existing 
clients  use  5-1 /4-inch  high-density  diskettes. 

q.  Figure  5-7  depicts  the  basic  requirements  of  a 
generic  data  collector. 

5-8.  Data  Collector  Requirements 

The  data  collector  is  vital  to  large  surveys  using  the  total 
station.  Assumptions  or  oversights  made  at  the  time  of 
equipment  purchase  can  force  a  survey  operation  into 
equipment  problems  on  the  job  for  the  economic  life  of 
the  equipment.  Below  are  listed  some  options  to  consider 
for  the  data  collector: 

•  Weatherproof,  designed  for  rugged/durable  field 
use. 

•  Nonvolatile  memory  ensures  data  safety. 

•  Allow  the  storage  of  at  least  1,000  points. 

•  Full  search  and  edit  routines  immediately  on  the 
spot. 

•  Automatic  recording  with  electronic  theodolites. 

•  Manual  entry  and  recording  capability  with  the 
hardware  that  measures  angles  and  distances. 

•  Formatting  must  be  very  flexible  for  manual 
entry,  even  for  various  CADD  leveling  tasks. 

•  Capability  to  use  two  files  in  the  collector:  one 
file  for  collection,  the  other  file  for  processed 
data  for  stakeout  tasks. 

•  Data  collector  must  communicate  with  the  elec¬ 
tronic  theodolite. 

•  All  the  features  of  the  total  station  should  be 
usable  with  the  data  collector  purchased. 

•  The  data  collector  must  be  compatible  with  the 
software  you  purchase  or  plan  to  use. 

•  Mixing  brands  should  not  cause  a  service 
problem. 
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Figure  5-7.  Functions  of  generic  data  collector 
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5-9.  Coding  Field  Data 

Whether  data  are  recorded  manually  or  electronically,  one 
of  the  most  time-consuming  survey  operations  is  the 
recording  of  a  code  or  description  to  properly  identify  the 
point  during  processing.  For  example,  in  a  topographic  or 
planimetric  survey,  identification  points  which  locate  the 
position  of  curbs,  gutters,  center  lines,  manholes,  and 
other  similar  features  are  essential  for  their  correct  plot¬ 
ting  and  contour  interpolation. 

a.  Especially  in  topographic  or  planimetric  survey¬ 
ing,  many  surveyors  have  wished  for  some  way  to  speed 
up  the  process.  For  the  most  part,  surveyors  tolerate  the 
time-consuming  coding  process,  because  it  is  the  only 
way  of  ensuring  an  accurate  final  product. 

b.  In  spite  of  this  slow  coding  process  when  using 
data  collectors  available  today,  the  advantages  heavily 
outweigh  the  disadvantages.  These  advantages  include 
collection  blunder-free  numeric  data  from  electronic  total 
stations  virtually  at  the  instant  they  are  available  and  the 
error-free  transfer  of  these  data  to  an  office  computer  sys¬ 
tem  without  the  need  for  manual  entry. 

c.  Field  coding  allows  the  crew  to  become  the 
drafter  and  provide  a  more  logical  approach,  as  the  field 
crew  can  virtually  produce  the  map  from  the  field  data 
and  eliminate  the  need  for  many  field  book  sketches. 
They  can  also  eliminate  office  plotting,  editing  by  con¬ 
necting  the  dots,  etc.,  to  produce  a  final  product.  The 
coding  scheme  is  designed  so  the  computer  can  interpret 
the  recorded  data  without  ambiguity  to  create  a  virtually 
finished  product. 

d.  Although  most  of  the  codes  required  for  survey 
operations  will  be  found  in  the  following  pages,  from  time 
to  time  additional  codes  may  be  required. 

e.  Either  numerical  point  codes  or  alpha-numeric 
point  codes  can  be  entered  into  the  total  station.  This 
identification  will  vary  from  district  to  district,  but  the 
descriptor  should  be  standardized  throughout  the  Corps  of 
Engineers. 

/  Whenever  districts  require  specialized  point 
codes,  then  the  attribute  file  may  be  edited  to  include 
these  changes. 

5-10.  Sumnfiary  of  Total  Station  FIELD-TO-FINISH 
Procedures 

a.  Gather  field  data  and  code  the  information. 


b.  Off-load  the  data  to  computer  and  process  the 
information  using  equipment-specific  software. 

c.  Create  the  ASCII  Coordinate  File  containing 
point  number,  X  coordinate,  Y  coordinate,  Z  coordinate, 
standardized  descriptor,  and  any  additional  notes. 

d.  Import  the  ASCII  coordinate  file  into  a  CADD 
program  and  create  a  graphics  file. 

e.  Use  the  CADD  program  to  develop  a  final  map 
with  topographic,  planimetric  information,  including  con¬ 
tours,  utility  information,  etc. 

/  Edit  map. 

g.  Plot  map. 

This  procedure  is  illustrated  in  Figure  5-8. 

5-11.  Data  Collectors 

a.  Geodimeter  126/400  Series.  Geodimeter  has 
integrated  most,  if  not  all,  of  the  features  of  its  established 
Geodot  126  series  data  collector  into  the  400  series.  The 
126  data  collector  is  still  available  for  those  users  that 
may  have  older  Geodimeter  equipment. 

(1)  The  power  source  for  the  Geodot  126  is  four 
nickel  cadmium  rechargeable  batteries  which  give  a  life  of 
15  to  20  hours  between  charges.  The  400  series  uses  the 
on-board  power  supply  of  the  instrument.  Data  integrity 
is  provided  by  a  lithium  battery. 

(2)  The  systems  will  operate  at  temperatures 
between  15  to  122  degrees  F  which  is  somewhat  higher 
than  most  systems  and  should  be  considered  by  those 
working  in  the  northern  areas. 

(3)  Data  storage  is  described  as  900  points  for  the 
400  and  1,500  points  for  the  126.  Both  systems  allow  for 
additional  (optional)  memory.  Both  systems  also  allow 
data  to  be  down-loaded  to  an  external  data  storage  device 
through  the  HPIL  that  is  integral  to  both  systems. 

(4)  The  Geodot  400  and  the  Geodot  126  will  only 
support  Geodimeter  systems. 

(5)  Both  systems  support  a  number  of  calculating 
functions  as  well  as  northings,  eastings,  and  elevations  of 
points  measured  in  the  field. 
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Figure  5-8.  Data  flow  process  for  mapping 


b.  Lietz  SDR  series.  The  Lietz  SDR  series  of  data 
collectors  has  a  number  of  features  that  may  be  of 
interest. 

(1)  The  system  uses  four  A  A  batteries.  The  operating 
life  is  120  hours.  Data  integrity  is  protected  should  the 
battery  run  down. 

(2)  The  SDRs  can  operate  in  a  temperature  range  of 
4  to  122  degrees  F. 


(3)  The  data  storage  capacity  is  32K  for  the  SDR 
20,  64K  for  the  SDR  22,  and  128K  for  the  SDR  24. 

(4)  The  SDR  24  will  support  total  stations  other  than 
Lietz. 

(5)  Built-in  programs  handle  many  coordinate  geom¬ 
etry  functions. 
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(6)  The  data  collector  is  programmable.  These  pro¬ 
grams  must  be  down-loaded  from  the  computer. 

c.  Topcon  FC-4. 

(1)  The  Topcon  FC-4  contains  an  on-board  recharge¬ 
able  nicad  battery  with  sufficient  power  to  operate  the 
unit  for  8  hours.  The  data  are  protected  with  a  lithium 
battery  which  will  assure  the  integrity  of  data  for  up  to 
6  months.  The  FC-4  will  allow  the  use  of  an  external 
battery  when  operating  for  extended  periods. 

(2)  The  system  will  operate  at  temperatures  from 
-4  to  122  degrees  F.  With  the  optional  water  and  dust 
cover,  the  unit  is  waterproof 

(3)  Data  storage  capacity  is  25 6K  with  additional 
storage  available  for  disk  and  tape.  In  addition,  a  unique 
RAM  disk  makes  it  convenient  for  the  field  crews  to  store 
excess  data. 

(4)  The  FC-4  will  support  39  models  of  instruments 
in  the  Topcon  line  and  has  the  capability  to  support 
instruments  of  other  manufacturers. 

(5)  The  FC-4  has  the  common  complement  of  coordi¬ 
nate  geometry  functions. 

(6)  The  data  collector  is  programmable.  User-defined 
prompts  can  be  input  from  the  data  collector  keyboard. 
Custom  programs  can  be  done  on  the  computer  and 
down-loaded  to  the  FC-4.  The  FC-4  does  not  allow  for 
programming  from  the  keyboard. 


(7)  Topcon  no  longer  manufactures  the  FC-1  and  the 
PROP  AC  HA3  data  collectors,  but  these  data  collectors 
remain  in  the  inventory  of  many  satisfied  users. 

d.  Wild  GRE  and  REC  series. 

(1)  The  GRE  system  uses  rechargeable  nickel  batter¬ 
ies  and  can  be  powered  from  external  batteries.  When 
used  with  an  external  power  source,  the  GRE  can  run 
with  the  on-board  battery  removed.  The  REC  module 
operates  from  the  instrument  battery.  Data  integrity  is 
preserved  with  a  lithium  battery  contained  in  the  REC 
module. 

(2)  The  systems  can  operate  at  temperatures  that 
range  from  4  to  122  degrees  F.  They  are  “splashproof.” 

(3)  The  data  storage  capacity  of  the  current  line  of 
GRE  data  collectors  is  128K.  The  older  GRE  3  models 
range  from  16K  to  128K.  The  REC  module  is  a  16K 
module. 

(4)  The  GRE  and  GRM  10  will  support  only  the 
Wild  instruments. 

(5)  Built-in  programs  handle  many  coordinate  geom¬ 
etry  functions. 

(6)  The  data  collector  is  programmable.  For  all 
practical  purposes,  these  programs  must  be  completed  on 
a  PC  and  down-loaded  to  the  data  collector. 
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Chapter  6 

Surveyor  Data  Collector  Interface  and 
Formats 


For  many  surveying  operations,  electronic  data  collection 
is  routine.  However,  once  the  data  are  collected,  most 
software  systems  require  a  large  amoimt  of  post-process¬ 
ing  to  produce  a  map  showing  planimetries  and  contours. 

6-1.  Computer  Interfacing 

Many  of  the  benefits  of  automated  data  collection  are  lost 
if  the  data  stored  cannot  be  automatically  transferred  to  a 
computer  system.  The  information  is  down-loaded  from 
the  data  collector  to  the  computer.  The  file  is  usually  an 
American  Standard  Code  for  Information  Interface 
(ASCII)  file.  The  measured  distances,  angles,  or  eleva¬ 
tions  entered  into  the  data  collector  are  output,  but  the 
format  is  not  easily  read.  This  is  because  the  data  are 
contiguous;  nothing  separates  one  piece  of  data  from 
another.  Every  data  collector  stores  data  in  a  different 
format  and  the  problem  is  to  translate  the  data  from  the 
data  collector  format  into  a  file  with  a  standard  ASCII 
format.  Data  standardization  will  become  more  important 
in  the  future,  and  surveyors  should  be  searching  for 
methods  which  make  system  integration  easier. 

6-2.  Data  Standardization 

Data  standardization  is  becoming  more  important  as  the 
concerns  of  redundant  data  and  lack  of  shared  data  rise. 
Such  standardization  will  reduce  the  cost  of  preparing  the 
raw  survey  data  for  submission. 

6-3.  Coordinate  File  Coding 

This  section  describes  a  coding  scheme  that  can  ade¬ 
quately  define  the  survey  parameters.  These  code  records 
would  be  inserted  into  the  ASCII  coordinate  file  produced 
by  the  data  collector.  The  codes  are  developed  for 
general  USACE  topo  survey  requirements  for  A-E  appli¬ 
cations.  Additional  codes  may  need  to  be  developed  to 
suit  particular  applications.  All  code  records  will  begin 
with  a  in  column  1,  and  are  limited  to  80  columns. 
All  comment  records  will  begin  with  a  in  column  1, 
and  are  also  limited  to  80  columns. 

a.  Survey  Job  parameters.  Header  records  are 
required  to  describe  the  survey  job  parameters  such  as 
Horizontal  Datum,  Units  of  Measure,  Survey  Date,  Job 
Location,  Survey  Firm,  etc.  H20  to  H29  are  reserved  for 


job  title.  H30  to  H99  are  reserved  for  any  comments 
about  the  survey  job.  If  sketches  or  survey  data  were 
recorded  in  survey  field  books,  the  book  and  page  num¬ 
bers  shall  be  indicated  on  the  HI 2  and  HI 3  records.  This 
allows  for  an  easy  reference  to  original  field  data. 

(H-RECORDS) 

#H01  -  ASCII  FILE  NAME 

#H02  -  SURVEY  DATE 

#H03  -  SURVEY  ORDER 

#H04  -  HORZ  DATUM 

#H05  -  JOB  NUMBER 

#H06  -  UNITS  OF  MEASURE 

#H07  -  MAP  PROJECTION 

#H08  -  LOCATION 

#H09  -  AE  CONTRACTOR 

#H10  -  BOOK  NUMBER 

#H11  -  PAGE  NUMBER 

#H12  -  COMBINED  SCALE  FACTOR 

#H20  -  JOB  TITLE 

#H21  -  TITLE  CONTINUATION 

#H29  -  TITLE  CONTINUATION 

#H30  -  COMMENTS 

#H31  -  COMMENTS  CONTINUATION 

#H99  -  COMMENTS  CONTINUATION 

b.  Horizontal/vertical  control.  All  control  points 
whether  found  or  established  must  be  described  by  control 
code  records.  Vertical  control  records  are  required  to 
define  the  parameters  such  as  Vertical  Datum,  Benchmark 
Name,  Epoch,  etc.,  used  to  determine  the  survey  point 
elevations.  These  records  are  required  at  the  beginning  of 
a  file  and  where  the  vertical  parameters  change. 

(V-RECORDS) 

#V01  -  VERTICAL  BENCHMARK 
#V02  -  GIVEN  BM  ELEVATION 
#V03  -  EPOCH  (YR  OF  ADJUSTMENT) 

#V04  -  VERTICAL  DATUM 

#V05  -  CONDITION  OF  MARK 

#V06  -  ELEVATION  FOUND 

#V10  -  ANY  COMMENTS  THAT  THE 

#V1 1  -  SURVEYOR  MAY  WANT  TO  MAKE 

#V12  -  ABOUT  THE  BENCHMARK  OR 

#V99  -  LEVEL  RUN. 

c.  Baseline  parameters.  These  records  describe  the 
reference  baseline.  If  a  baseline  listing  is  available  on 
diskette  the  user  may  include  the  file  name  on  the  BOO 
record.  Each  baseline  PI  is  defined  by  its  coordinates  and 
station  number.  Curve  data  are  defined  by  BC,  BI,  and 
BT  records.  These  records  define  the  coordinates,  and 


6-1 


EM  1110-1-1005 
31  Aug  94 


station  number  of  the  Point  of  Curve,  Point  of  Inter¬ 
section,  and  Point  of  Tangent 

(B-RECORDS) 

#B01  X-crd  Y-crd  STATION 
#B02  X-crd  Y-crd  STATION 
#B99  X-crd  Y-crd  STATION 

BASELINE  FILE  NAME 
#B00  FILE.EXT 

CURVE  PARAMETERS 
#BC1  X-crd  Y-crd  STA  (PC) 

#BI1  X-crd  Y-crd  STA  (PI) 

#BT1  X-crd  Y-crd  STA  (PT) 

d.  Temporary  benchmarks  (TBM),  All  TBM  used 
whether  established  or  found  must  be  defined  with  TBM 
records.  The  PBM  used  to  set  the  TBM  will  be  assumed 
to  be  the  previous  VOl  record  (V-Records).  The  date  set 
will  come  from  the  last  “H02”  record.  TIO  through  T99 
are  used  for  description  of  mark. 

(T-RECORDS) 

#T01  TBM  NAME 

#T02  GIVEN  ELEVATION 

#T05  CONDITION  OF  MARK 

#T06  ELEVATION  FOUND 

#T10  DESCRIPTION 

#T11  DESCRIPTION  CONTINUED 

#T99  DESCRIPTION  CONTINUED 

e.  Water  surface  elevation.  Gauge  records  are 
required  each  time  a  gauge  is  read. 

(G-RECORDS) 

#G01  STAFF  GAUGE  CODE# 

#G02  GAUGE  NAME 
#G03  GAUGE  READING 
#G04  TIME  OF  READING 
#G10  DESCRIPTIONS  AND  OR 
#G11  COMMENTS  ARE  INCLUDED 
#G12  FROM  GIO  TO  G99 

f  Cross-section  parameters.  Each  cross-section 
must  be  preceded  by  an  XOl  record.  If  the  section  con¬ 
tains  sounding  data  controlled  by  a  gauge,  an  X03  (time) 
and  X04  (elevation)  record  must  be  included  showing  the 
interpolated  water  surface  elevation. 

(X-RECORDS) 

#X01  BX  BY  EX  EY  STATION  NAME 
#X02  Range  Code 


#X03  TIME  OF  SECTION  (IF  SNG) 

#X04  WATER  SURFACE  ELEVATION 

g.  Profile  parameters.  Each  reach  of  profile  must 
be  preceded  by  a  POl  record.  If  the  profile  contains 
sounding  data  controlled  by  a  gauge,  a  P03  (time)  and 
P04  (elevation)  record  must  be  included  showing  the 
interpolated  water  surface  elevation. 

(P-RECORDS) 

#P01  BX  BY  STATION 

#P03  TIME  OF  PROFILE  (IF  SNG) 

#P04  WATER  SURFACE  ELEVATION 
#P10  TITLE  OF  PROFILE 

h.  Miscellaneous  records.  These  records  are 
required  on  miscellaneous  shots.  The  record  will  contain 
a  general  description  of  the  points  that  follow. 

(M-RECORDS) 

#M01  Borehole  locations  at  the  south  end  of  the  ammo 
#M02  plant  located  in  the  U.S.  Army  Reserve  Complex 
#M03  in  Com  Bayou,  La.,  near  the  WABPL. 

6-4.  Data  Sets 

A  data  set  is  defined  as  a  cross  section,  a  profile,  or  a 
group  of  topo  shots.  A  data  set  begins  and  ends  with  the 
M,  P,  or  X  code  records.  For  example  a  profile  data  set 
begins  with  the  P  records  and  is  terminated  by  any  M,  P, 
or  X  record. 

INDEX  OF  CODE  RECORDS 

#B01  -  Coordinates  and  station  of  baseline  PI. 

#B00  -  Name  of  ASCII  coordinate  file  that  contains  the 
survey  data. 

#BC1  -  Coordinates  and  station  of  point  of  curve  for 
curve  #1. 

#BT1  -  Coordinates  and  station  of  point  of  tangent  for 
curve  #1. 

#BI2  -  Coordinates  of  point  of  intersection  for  curve  #2. 
#C01  -  Party  Chief 
#C02  -  Instrument  Man. 

#C03  -  Rodman. 
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#G01  -  Staff  gauge  code  number  supplied  by  USCOE. 
#G02  -  Name  of  gauge. 

#G03  -  Water  surface  elevation  as  read  on  gauge. 

#G04  -  Time  (1423)  of  gauge  reading  based  on  24-hr 
clock. 

#G10-G99  -  Descriptions  and  or  comments  are  limited  to 
75  characters  per  record. 

#H01  -  Standard  DOS  file  name  of  ASCII  file  which 
contains  the  survey  data.  More  than  one  file  is  allowed 
per  survey  job. 

#H02  -  Date  (DD/MMA^Y)  on  which  the  following  infor¬ 
mation  was  obtained. 

#H03  -  Order  (accuracy)  of  survey.  (1,2,3..AA). 

#H04  -  Horizontal  datum  on  which  the  survey  is  refer¬ 
enced.  (NAD-1927,  NAD-1983,  WGS-84,...). 

#H05  -  Job  number  of  survey.  (YY-JJJ). 

#H06  -  Unit  of  linear  measure  (FT,  MT,  MI,  ...). 

#H07  -  Map  projection.  Use  standard  list  of  projection 
codes  (1702,  1703,  ...). 

#H08  -  Location  of  survey  such  as  nearest  town,  river, 
channel,  basin.  More  than  one  location  is  allowed  per 
survey. 

#H09  -  Survey  firm  or  organization. 

#H10  -  Index  number  of  survey  field  book  in  which  the 
following  information  is  recorded. 

#H11  -  Page  number  of  field  book  specified  by  previous 
HIO  code  on  which  the  following  information  is  recorded. 

#H12  -  Combined  scale  factor. 

#H20  -  Title  of  survey  job.  The  survey  title  is  limited  to 
75  characters  per  record. 

#H21-H29  -  Continuation  of  survey  job  title. 

#H30  -  Reserved  for  any  comments  about  the  survey  job. 
The  comments  are  limited  to  75  characters  per  record. 


#H31-H99  -  Continuation  of  comments  about  the  survey 
job. 

#101  -  Instrument. 

#102  -  Serial  number. 

#M01-M99  -  Description  of  miscellaneous  survey  points 
that  follow. 

#P01  -  The  profile  segment’s  beginning  x-y  coordinates 
and  stationing. 

#P03  -  Time  of  profile.  Only  needed  if  elevations  of 
points  are  relative  to  prorated  water  surface. 

#P04  -  Prorated  water  surface  elevation  used  for  elevation 
of  points  in  profile. 

#T01  -  Name  of  temporary  benchmark  (TBM). 

#T02  -  Given  elevation  of  TBM. 

#T05  -  Condition  of  TBM. 

#T06  -  Found  elevation  of  TBM. 

#T10-T99  -  Description  of  TBM. 

#X01  -  The  range  line  definition  which  contains  the  end 
point  coordinates,  station,  and  name  of  the  range. 

#X02  -  Range  code  or  index  number. 

#X03  -  Time  of  cross-section.  Only  needed  if  elevations 
of  points  are  relative  to  prorated  water  surface. 

#X04  -  Prorated  water  surface  elevation  used  for  elevation 
of  points  in  cross-section. 

#W01  -  Temperature. 

#W02  -  Pressure. 

#W03  -  Humidity. 

#W04  -  Cloud  conditions 
(0-10%:  clear 
10-50%:  scattered 
50-90%:  broken 
90-100%:  obscured) 
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#W05  -  Wind  speed. 

#W06  -  Wind  direction 

(N,S,E,W,NE,NW,SE,SW) 

6-5.  Computer-Aided  Design  and  Drafting  (CADD) 
Interface 

CADD  software  packages  are  commonly  available  that 
can  produce  basic  survey  plots  to  finished  map  sheets. 
Such  drafting  tools  offer  the  surveyor  more  accuracy, 
efficiency,  flexibility,  and  quality  in  the  production  of 
hard  copy  plots.  Microstation™,  which  was  available 
through  the  Corps-wide  CADD  contract  with  Intergraph 
Corporation,  is  commonly  available  and  used  in  USACE 
offices.  However,  numerous  other  CADD  packages  that 
run  on  PC-based  computers,  such  as  AutoCAD^^,  GWN- 
COGO™,  and  TRU-CAD™  are  available. 

6-6.  Total  Station  Data  Collection  and  Input  to 
CADD 

Survey  data  can  be  entered  into  a  CADD  program  by  a 
variety  of  methods.  The  most  favorable  means  is  through 
digital  data  files  produced  by  electronic  survey  equipment. 
Total  stations,  GPS  survey  receivers,  and  some  electronic 
levels  are  commonly  capable  of  recording  survey  data  on 
electronic  data  collectors,  floppy  disks,  cassette  tapes, 
magnetic  cards,  internal  media,  or  interfaced  field  compu¬ 
ters.  Such  logging  of  data  greatly  increases  the  efficiency 
and  accuracy  of  data  collection,  and  eliminates  human 
error  associated  with  field  book  recording.  These  digital 
data  files  also  eliminate  the  tedious  and  error-prone  man¬ 
ual  entry  of  data  into  CADD  programs.  It  should  be 
noted  that  automatic  data  logging  clearly  offers  a  superior 
method  for  recording  and  processing  survey  angles, 
ranges,  or  coordinates,  but  does  not  eliminate  the  field 
book.  Survey  conditions,  description  of  the  project, 
unplanned  procedures,  and  other  pertinent  information 
must  always  be  recorded  by  field  personnel  to  establish 
complete  survey  records. 

a.  For  total  station  instruments,  various  software/ 
hardware  packages  are  available  to  collect  and  process 
survey  data.  For  example,  survey  adjustment  packages 
such  as  Wildsoft™,  Pacsoft™,  and  SDRMAP™,  which  are 
PC-based,  will  interface  to  a  variety  of  data  collectors. 
Some  collectors  are  actually  PC-based  processors  that  can 
log  total  station  data  and  run  various  survey  adjustment 
software  packages.  Intergraph’s  Electronic  Theodolite 
Interface™  offers  a  full  set  of  hardware  and  software  to 
log  survey  data,  perform  post-processing  and  adjustments, 


and  import  the  data  into  an  Intergraph  workstation  for 
CADD  processing. 

Z>.  If  procuring  components  of  a  data  collection  and 
processing  system,  compatibility  between  components  and 
a  minimum  capability  must  be  assured.  Survey  coordi¬ 
nates  with  a  descriptor  or  code  to  indicate  the  surveyed 
feature  should  be  input,  as  a  minimum,  to  the  CADD 
system.  ASCII  X-Y-Z  or  latitude-longitude-height  data, 
along  with  alpha-numeric  descriptor  data,  are  usually 
accepted  by  CADD  software  and  are  commonly  output  by 
data  collectors  or  survey  processing  programs.  The 
CADD  program  should  have  some  flexibility  in  the  order 
the  coordinates  are  received  (i.e.,  X-Y-Z,  Z-X-Y,  etc.)  and 
the  length  of  the  data  records. 

c.  More  complex  and  sophisticated  information, 
such  as  contour  lines  and  symbols,  can  sometimes  be 
passed  from  survey  to  CADD  programs  through  common 
graphic  formats,  such  as  DXF.  However,  note  that  a 
100%  reliable  transfer  of  graphic  data  is  not  always  possi¬ 
ble.  For  example,  contour  lines  passed  to  a  CADD  pro¬ 
gram  in  DXF  format  may  have  isolated  breaks  or  overlap. 
Transfer  of  graphic  data  using  proprietary  formats  is 
usually  most  reliable. 

6-7.  CADD  Plotting 

a.  CADD  systems  offer  extreme  flexibility  in  data 
plotting,  and  can  normally  follow  the  specification 
described  in  the  previous  section.  Sheet  sizes  available 
are  dependent  on  the  plotter  or  printer.  “A”  size  is  usu¬ 
ally  available  on  all  output  devices,  and  in  most  cases  a 
desktop  printer  will  suffice.  Some  desktop  devices  are 
capable  of  “B”  and  “C”  sizes,  and  standing  floor-mounted 
plotters  are  usually  required  for  “D”  and  “E”  sizes.  Pen 
plotters  can  output  on  most  desired  media,  including  paper 
and  mylar. 

b.  Plotters  that  use  mechanically  guided  pens  are 
the  most  common,  and  usually  inexpensive,  plotting 
device.  With  the  proper  pen  cartridges,  the  quality  of 
plots  is  equal  to  or  greater  than  that  of  professionally 
drafted  manual  plots.  Note  that  these  devices  produce 
only  line  segments  or  curved  lines.  Thus,  a  shape  that  is 
color-filled  would  be  produced  through  numerous  color 
strokes.  Such  tedious  plots  require  long  plotting  times, 
and  produce  more  wear  on  the  pens  and  the  plotter  itself. 

c.  Plotters  that  use  electrostatic,  ink  jet,  thermal,  or 
laser  techniques  are  becoming  more  common.  Such 
devices  produce  excellent  quality  plots  and  are  much 
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quicker  than  pen  plotters.  However,  these  devices  are 
considerably  more  expensive  and  may  output  only  on 
specific  media. 
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Chapter  7 
Map  Compilation 


7-1.  General 

This  chapter  describes  a  process,  commonly  used  by  most 
districts,  to  create  Intergraph  design  (DGN)  files  from 
digital  survey  files.  Note:  Other  CADD  systems  and 
procedures  can  be  used,  providing  that  the  same  coordi¬ 
nate  information  and  descriptive  data  can  be  imported  into 
the  CADD  routine. 

7-2.  CVTPC 

The  collected  survey  data  are  of  little  value  in  their  pres¬ 
ent  form.  The  coded  ASCII  Coordinate  File  which  has 
been  edited  to  conform  to  the  USAGE  Coordinate  File 
Standards  is  now  ready  to  be  converted  into  an  Intergraph 
design  file.  This  conversion  is  accomplished  using  the 
software  package  “CVTPC,”  and  the  process  shown  in 
Figure  7-1.  Figure  7-2  displays  the  screen  in  CVTPC. 
From  this  figure,  all  the  data  attributes  can  be  seen.  The 
attribute  setup  is  constructed  of  rows  and  columns.  For 
example,  level,  color,  and  weight  are  columns.  Point, 
Line,  Elev.  are  rows.  The  rows  are  assigned  to  the  col¬ 
umns  selected.  This  becomes  the  file  which  is  written. 
The  only  other  requirement  is  the  file  from  which  the  data 
are  read.  This  file  information  is  entered  in  the  model 
setup  section  on  the  right  side  of  the  screen.  The  file 
information  is  entered  into  the  “Input  Files”  block  at  the 
top  of  the  screen.  Documentation  can  be  obtained  from 
the  U.S.  Army  Topographic  Engineering  Center. 

a.  CVTPC  converts  the  ASCII  Coordinate  File  into 
Intergraph  design  files.  The  program  code  is  written  in 
Intergraph’s  Microstation  Design  Language  (MDL)  and 
therefore  can  only  be  executed  while  Microstation  is 
running  and  the  user  is  currently  in  a  design  file. 

b.  The  ASCII  Coordinate  File  may  have  its  coordi¬ 
nates  and  point  descriptors  placed  in  any  order,  i.e., 
“Point  name  X  Y  and  Z  point  code  or  Y  X  Z  point  code, 
point  name.”  The  ASCII  data  can  be  separated  by  spaces 
or  commas,  or  it  can  be  designated  by  column  position. 
For  example,  ASCII  data  files  separated  by  spaces  would 
be  of  the  form: 

1  32987.34  45890.01  123.44  MANHOLE 


Data  separated  by  columns  would  be  of  the  form: 

1  32987.34  45890.01  123.44  MANHOLE 

where  the  point  name  (number)  is  in  column  0,  X  coordi¬ 
nate  in  columns  5-12,  Y  coordinate  in  columns  15-22,  Z 
coordinate  in  columns  25-30,  and  the  point  code  in  col¬ 
umns  31-37.  CVTPC  will  run  on  any  PC  that  has  Micro¬ 
station  version  4.0  or  later.  A  t3q)ical  ASCII  file  is  shown 
in  Figure  7-3.  An  example  of  the  basic  information  for  a 
typical  utility  is  shown  in  Figure  7-4. 

7-3.  File  Descriptions 

a.  Attribute  File.  Links  the  point  descriptors  in 
ASCII  Coordinate  File  to  the  cells,  assigns  colors,  levels, 
weights,  text  scale,  and  active  angle. 

b.  Model  File.  Specifies  seed  file,  cell  library  and 
contains  a  blueprint  of  the  ASCII  Coordinate  File  format. 
The  method  of  coordinate  input,  column  or  comma. 


Data  separated  by  commas  would  be  of  the  form:  Pj^l^,  conversion  process 

1 ,32987.34,45890.01 ,123.44,MANHOLE 
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{  Save  1 

]  Save  I 

Attr  Nun  m  |T] 
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Figure  7-2.  CVTPC  screen 


Figure  7-4.  Information  provided  by  field  shot 

c.  CIVSUR.cel  Cell  Library  containing  Corps  of 
Engineers  standardized  cells. 


d.  ASCII  Coordinate  File,  Input  for  CVTPC  and 
the  output  of  the  coordinate  file  of  the  software  specific  to 
the  particular  instrument/data  collector. 

7-4.  Overview  of  Topographic  Survey  Data  Flow 
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Figure  7-5  outlines  the  various  routes  by  which  topo¬ 
graphic  data  are  processed  to  a  final  site  plan  map  form. 
Note  that  this  figure  includes  digital  topographic  data 
collected  from  different  sensors  (e.g.,  aerial,  hydrographic 
sonar/acoustic).  Figures  7-6,  7-7,  and  7-8  depict  USACE 
standard  feature  level  assignments,  USACE  civil/site  level 
and  element  symbology,  and  USACE  surveying  and  map¬ 
ping  level  and  element  symbology,  respectively.  Consult 
the  USACE  CADD  Manual  for  details. 

7-5.  Typical  Point  Descriptors  Used  in  Topo¬ 
graphic  Surveying 


CONTROL 


2X2  HUB/TACK 
PK  NAIL 
RR  SPIKE 
PIPE 
REBAR 
1X2  STAKE 
BRASS  CAP 
NAIL 
FILED  X 

HAND  DRILL  HOLE 
CHISLED  X 
BOLT 


Figure  7-3.  Typical  ASCII  file 


REBAR/CAP 
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Figure  7-6.  Feature  level  assignments 


MON 

ALUM  MON 
CONC  MON 
COE  MON 
NGS  MON 
uses  MON 
GPS  MON 
REFERENCE  POINT 
PICTURE  POINT 
SIXTEENTH  CORNER 
SECTION  CORNER 
QUARTER  CORNER 
CLOSING  CORNER 
MEANDER  CORNER 
WITNESS  CORNER 
HOMESTEAD  CORNER 
BENCHMARK 


TBM 

PBM 

TOPOGRAPHIC 

GROUND  SHOT 

BLDG  CORNER 

U/G  CABLE  MARKER 

CURB 

PAD 

ASPHALT 

TOP/RIPRAP 

TOE/RIPRAP 

SLOPE 

WEAVS 

TOP 

CROWN 
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2  COOHOllUTE 
CHID 
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^  ROAfiS^M 
CCNTCijiLiXS 

^  ROaOS .  RR 
StOeWALKS 

^  CONCRETE 

JOINTS 

COMCRCTE 
44iNT  ELEV 

1  1  mjHMV 

TAXI  Mr 
AMOKS 

2  xunmt 

TAX  JUT 
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1  3  raveucnt 

MARRINGS 

14 

STIIUCTUIICS 
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^  CULVCATS 
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*  ®  RIMAP 
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FEATVMS 
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22 
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29 

IREAILINE 

30  SPOT 
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Figure  7-7.  USAGE  civil/site  levels  and  element 
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Chapter  8 

Architect-Engineer  Contracts 


8-1.  General 

This  chapter  presents  an  overview  for  preparing  site  plan 
mapping  scopes  of  work  for  professional  surveying  and 
mapping  services  performed  by  Architect-Engineer  (A-E) 
contract  labor  forces.  Preparation  of  a  statement  of  work 
and  cost  estimates  is  necessary  to  properly  negotiate  A-E 
contracted  services.  These  services  are  either  obtained 
through  an  indefinite  delivery  order  surveying  services 
contract  or  scheduled  within  A-E  design  services.  The 
cost  estimate  should  reflect  all  significant  cost  phases 
related  to  the  mapping  project. 

8-2.  Preparation 

The  preparation  of  a  scope  of  work  and  cost  estimate  will 
depend  largely  on  the  intended  use  of  the  final  mapping 
product.  Table  2-1  defines  target  scales,  contour  inter¬ 
vals,  and  accuracy  requirements  associated  with  the  vari¬ 
ous  engineering  mapping  projects  performed  in  USAGE. 
Site  conditions,  project  location,  existing  area  control, 
mapping  limits,  available  supporting  data,  instrumentation 
and  procedures,  transportation,  personnel,  equipment, 
deliverables,  procedures,  and  individual  disciplines 
required  to  complete  the  job  are  just  some  of  the  contrib¬ 
uting  factors  that  need  to  be  properly  defined. 


8-3.  Scope  of  Work 

The  scope  of  work  should  define  the  specific  project 
requirements  and  deliverable  items  of  work  to  be  accom¬ 
plished  under  the  delivery  order.  Supporting  guide  speci¬ 
fications  should  define  general  contract  and  technical 
specifications  which  would  normally  pertain  to  intended 
use.  The  scope  of  work  should  contain  the  following 
sections: 

a.  General  statement  and  location  of  work. 

b.  Specific  requirements  related  to  the  site  and 
intended  use  of  the  mapping  product. 

c.  Deliverable  items  of  work. 

d.  Field  procedures  and  standards. 

e.  Special  instructions. 

f.  Data  and  materials  to  be  furnished  for  the  con¬ 
tractors  use. 

g.  Completion  schedules. 

A  sample  scope  of  work  for  a  detailed  site  plan  mapping 
project  is  shown  in  Appendix  E.  This  scope  of  work 
would  typically  be  used  on  a  delivery  order  against  a 
basic  mapping  contract. 
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Chapter  9 
Route  Surveying 


9-1.  General 

Route  surveys  are  most  commonly  used  for  levees,  stream 
channels,  highways,  railways,  canals,  power  transmission 
lines,  pipelines,  and  other  utilities.  In  general,  route 
surveys  consist  of : 

•  Determining  ground  configuration  and  the  loca¬ 
tion  of  objects  within  and  along  a  proposed  route. 

•  Establishing  the  alignment  of  the  route. 

•  Determining  volumes  of  earthwork  required  for 
construction. 

After  the  initial  staking  of  the  alignment  has  been  closed 
through  a  set  of  primary  control  points  and  adjustments 
have  been  made,  center-line/baseline  stationing  will  iden¬ 
tify  all  points  established  on  the  route.  Differential  levels 
are  established  through  the  area  from  two  benchmarks 
previously  established.  Cross-sections  in  the  past  were 
taken  left  and  right  of  center-line.  Today  digital  terrain 
models  (DTM)  or  photogrammetry  is  used  to  produce 
cross-sections  for  design  grades.  Surveys  may  be  con¬ 
ducted  to  check  these  sections  at  intermittent  stations 
along  the  center-line.  Ground  elevations  and  features  will 
be  recorded  as  required. 

9-2.  Horizontal  Circular  Curves 


PC 

\ 

/ 

where 

/ 

A  =  Central  and  Deflection  Angle 

PC  -  Point  of  Curvature 

FT  =  Point  of  Tangency 

T  =  Tangent 

R  “  Radius 

C  =  Long  Chord 

M  =  Middle  Ordinate 

E  =  External 

Figure  9-1.  Horizontal  curve 


A  =  arc  length  /  radius 


Route  surveys  often  require  layout  of  horizontal  curves. 
The  point  of  curvature  (PC),  point  of  intersection  (PI), 
and  point  of  tangency  (PT)  should  be  established  on  cen¬ 
ter  line,  identified,  and  staked  including  offsets  to  the 
center  line.  Figure  9-1  is  a  sketch  of  a  horizontal  curve. 
The  traverse  routes  through  the  curve  will  be  included 
into  the  closed  traverse  through  two  primary  or  secondary 
control  points  for  closure  and  adjustment.  Field  layout/ 
stakeout  should  be  no  more  that  100  feet  along  the  curve 
on  even  stationing.  Points  of  curvature,  angle  points, 
and/or  points  of  intersection  should  be  referenced  (line-of- 
sight)  outside  the  clearing  limits  or  the  construction  area. 

9-3.  Deflection  Angles 

The  angles  formed  between  the  back  tangent  and  a  line 
from  the  PC  to  a  point  on  the  curve  is  the  deflection 
angle  to  the  curve.  The  deflection  to  the  point  on  the 
curve  is  given  by  the  equation: 


where 

A  =  deflection  angle  or  central  angle 

Arc  length  =  the  arc  length  found  by  subtracting  the  sta¬ 
tion  munber 

Radius  =  distance  from  the  radius  point  to  the  center 
line  of  the  right-of-way  alignment 

Transportation  engineers  compute  minimum/maximum 
allowable  curvature  based  on  weight  and  speed.  Survey¬ 
ors  fit  curves  to  existing  alignments  based  on  the  mini¬ 
mum/maximum  curvature  limits.  Curvature  limits  only 
apply  to  primary  roads.  Secondary  roads  or  roads  where 
speeds  are  low  are  based  on  radius  and  deflection  angle. 
Two  types  of  formulas  have  been  used  to  fit  curves  based 
solely  on  curvature: 
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Degree  of  Curvature  -  Arc  Definition 
Degree  of  Curvature  -  Chord  Definition 

9-4.  Degree  of  Curve  -  Arc  Definition 

The  standard  100-foot  steel  highway  chain  used  by  sur¬ 
veyors  was  the  basis  of  the  amount  of  curvature  devel¬ 
oped  in  100  feet  of  arc.  The  ratio  of  curvature  over  a 
100-foot  arc  is  equal  to  the  total  degrees  in  a  circle  over 
the  total  arc  length  in  a  circle. 

Dc  / 100  =  360r/(2  ^n*R) 

or 

Dc  -  100'  arc  *  I/R  *  180/k 

Usually  the  curvature  will  be  specified.  The  surveyor 
needs  to  solve  for  the  radius.  Rearranging  the  above 
formula  yields: 

R  ^  5729.578 /Dc 

The  computed  radius  and  directions  (azimuths  or  bear¬ 
ings)  of  the  straight  portions  of  the  right-of-way,  called 
tangents,  are  usually  used  to  compute  the  curve  in  the 
field. 

9-5.  Degree  of  Curve  -  Chord  Definition 

The  chord  definition  was  popular  in  the  railroad  industry. 
Some  USACE  districts  use  this  method.  The  definition  is 
valid  because  the  curvature  is  slight  in  railroad  curves  and 
the  difference  between  100  feet  of  arc  and  100  feet  of 
chord  cannot  be  measured  with  a  steel  chain  to  the  nearest 
0.01  foot.  The  formula  for  any  chord  is 

Chord  =  2  *  R  *  sin(/5/2) 

The  method  defines  the  amount  of  curvature  found  in  a 
100-foot  chord.  Substituting  the  value  of  100  into  the 
standard  chord  formula  and  rearranging  gives  the  Degree 
of  Curve  -  Chord  Definition: 

sin(Dc/2)  =  50/ R 

where 


9-6.  Curve  Stakeouts 

The  first  and  most  important  point  in  a  curve  stakeout  is 
the  PI  of  two  tangent  sections  of  a  right-of-way.  This 
point  is  set  in  lieu  of  the  radius  because  the  radius  may  be 
too  far  away  from  an  instrument  station  for  curves  with 
small  curvature.  All  Pi’s  are  normally  set  from  a  cross¬ 
traverse  which  was  designed  to  have  stations  close  to 
where  the  Pi’s  actually  fall.  The  Pi’s  are  set  from  the 
traverse  and  checked  for  distance  to  the  adjacent  PI.  If 
the  distances  are  correct  the  lines  are  cut  out  and  the  Pi’s 
are  referenced.  Backsights  for  the  references  are  set  out 
of  the  construction  areas  as  points  on  line  (POL). 
Because  the  PI  is  not  on  the  curve  the  PI  does  not  have  a 
center-line  station  number.  The  PI  may  have  a  station 
number  during  preliminary  reconnaissance  of  a  major 
transportation  route.  The  PI  stations  are  angle  points  with 
deflection  angles  between  straight  sections  (tangents). 
Once  the  curves  are  determined,  the  entire  center  line  is 
restationed.  The  distance  to  the  PI  from  the  curve/tangent 
intersection  point  is  found  from  the  tangent  formula  given 
in  paragraph  9-7. 

9-7.  Curve  Formulas 

a.  Required  parameters.  Usually  only  two  parame¬ 
ters  need  be  specified  to  totally  lay  off  a  curve.  If  the 
project  drawings  contain  station  numbers,  subtract  the 
station  number  of  the  PC  from  the  PT  station  number 
when  using  the  Arc  Definition.  This  gives  the  amount  of 
arc  length.  The  radius  or  the  intersection  deflection  angle 
can  be  used  for  all  other  calculations. 

tangent  — >  7  =  /?  *  tan(A/2) 

chord  ch  =  2  *  R  *  sin  (A/2) 
where 

A  =  intersection  deflection  angle  or  the  central  angle 
at  the  radius  for  the  entire  curve. 

The  relationship  of  arc  to  angular  measurement  can 
always  be  used  if  the  radius  is  known. 

5  =  r  *  0 
where 


50  =  100  /  2. 
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5  =  arc  length 
r  ”  radius 

0  =  angle  in  radians,  convert  from  degrees  to  radians 
by  7t/180° 

NOTE:  If  the  angle  is  being  used  to  compute  the  arc  or 
radius,  the  units  must  be  in  radians.  Convert  to  radians 
by  multiplying  degrees  by  7c/180°. 

b.  Relation  between  central  angles  and  deflection 
angles.  The  deflection  angle  measured  at  the  PC  between 
the  tangent  and  the  line  to  the  point  is  1/2  the  central 
angle  subtended  between  the  PC  and  the  point.  The  rela¬ 
tionship  comes  directly  from  the  geometry  of  a  circle. 

9-8.  Transition  Spirals 

The  initial  factor  to  determine  the  transition  spiral  is  the 
velocity  of  the  vehicle  using  the  structure.  Until  further 
guidance  becomes  available,  the  formula  to  be  used  for 
determining  the  minimum  length  of  the  spiral  will  be  the 
highway  definition: 

Ls  =  (L6^y^)/Rc 

where 

=  the  minimum  length  of  the  spiral 
V  =  the  design  speed  (mph) 
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=  new  central  angle  of  the  circular  curve 

A  =  old  central  angle  of  the  circular  curve 

A^  =  central  angle  for  one  spiral 

Many  procedures  exist  for  computing  spiral  curves.  The 
method  recommended  for  use  by  USACE  to  compute 
spirals  where  a^  is  less  than  15  degrees  is 


R^  =  radius  of  the  circular  curve 

Figure  9-2  is  a  diagram  of  a  spiral  curve  used  for 
transition. 

^,  =  (L,*DJ/200 


where 


X  - 


1“ 


(5)(2!)  (9)(4!) 


(13^ 


where 

X  =  distance  from  the  tangent  to  spiral  (TS)  and  PC 
of  the  circular  curve  along  the  tangent. 


A^  =  central  angle  for  the  spiral 

=  the  length  of  the  spiral  used  for  the  spiral  design 
=  degree  of  curve  for  the  highway  curve 
The  new  circular  curve  will  be  reduced  by 

A^  -  A  - 

where 


V  -  J  ^ 

^[3  (7)(3!)  (11)(5!)  (15)(7!) 

where 

Y  =  distance  from  the  tangent  to  the  PC 
Refer  to  Figure  9-2. 

o  =  Y  ^  R(1-cos(aJ) 
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Z,  =X-(R)(sinM 
KG  =  (R)(tan(^2)) 

FV  =  (o)(tan(A/2) 

T,  =  X,  +  KG  +  FV 

T,  =X-  (R)(sin(^J  +  (R+o)(tan(^/2) 

9-9.  Spiral  Stakeout 

The  point  is  set  from  the  PI  on  both  tangents.  From 
this  point  forward,  only  one  side  of  the  spiral  will  be 
discussed.  The  other  side  is  the  same.  The  distance  X, 
measured  from  the  is  set  as  a  POL.  The  instrument  is 
moved  to  the  POL,  backsighted  along  the  tangent  and  the 
perpendicular  is  turned  to  locate  the  horizontal  curve 
center  line  at  a  distance  Y  from  the  tangent  line.  The 
deflection  angles  are  computed  by  the  formula 

8s  =  (l//L/)  *  A, 

The  stakeout  of  a  spiral  is  much  the  same  as  a  horizontal 
curve.  The  arc  lengths  in  the  spiral  are  assumed  to  be 
equal  to  the  chords  provided  chaining  is  done  between 
short  stations.  Fifty-foot  stations  are  common.  For  an 
example  of  a  stakeout,  assume  the  falls  on  station 
164+68.21.  Assume  the  was  10  degrees,  and  4  is 
300.00  feet.  To  set  the  first  deflection  angle  with  the 
instrument  located  at  backsighting  the  PI,  subtract  out 
the  next  even  station.  165+00  -  164+68.21  =  31.79  feet 
(pull  31.79  as  the  chained  distance  from  T^).  The  deflec¬ 
tion  angle  is 

8s  =  31.79^  /  300^ 

8s  -  00"  02’  15" 

A  curve  (spiral)  table  is  constructed  until  the  last  deflec¬ 
tion  computed  before  the  PC.  The  deflection  from  the 
to  the  PC  is  approximately  A/3.  No  angle  in  the  table 
should  exceed  this  value. 

9-10.  Vertical  Curves 

Vertical  curves  are  not  typically  surveyed  to  a  predeter¬ 
mined  design  involving  topographic  surveys.  Basically, 
the  same  criteria  apply  for  horizontal  and  vertical  curves 
in  preliminary  design  project  phases  which  are  highly 
dependent  on  topographic  surveys.  Two  methods  are 
traditionally  used  to  compute  a  vertical  curve.  These  are 
the  direct  equation  method  and  the  tangent  offset  method. 


Both  methods  are  discussed.  USACE  recommends  use  of 
the  equation  method.  The  tangent  offset  method  offers 
insight  to  the  calculation  of  slope  and  rate  of  change  of 
slope  components  to  find  the  elevation  on  the  vertical 
curve. 

9-11.  Vertical  Curve  -  Tangent  Offset  Method 

Figure  9-3  shows  a  planview  of  a  straight  vertical  curve. 
Vertical  curves  can  be  applied  to  horizontal  curves  as 
well.  The  tangent  offsets  are  computed  and  algebraically 
added  to  the  slope  elevation  computed  for  the  center-line 
station  plus.  In  Figure  9-3,  the  tangent  offsets  reduce  all 
the  elevations  computed  along  the  tangent  to  an  elevation 
on  the  vertical  curve.  This  will  not  always  be  the  case. 
Vertical  curves  have  many  shapes. 

a.  Two  definitions  are  used  for  the  tangent  offset 
method: 

(1)  The  parabola  is  defined  as  the  locus  of  points 
equally  distant  from  a  point  (focus)  and  a  line  (directrix). 

(2)  y  =  is  the  reduced  form  of  the  parabola 
equation. 

b.  An  independent  parabola  is  constructed  from  the 
known  slopes  and  the  length  of  the  curve.  Elevations  are 
computed  for  the  point  of  vertical  curve  (PVC)  and  the 
point  of  vertical  tangent  (PVT)  (see  Figure  9-3,  part  b). 
The  average  of  these  two  elevations  is  the  midpoint  of  the 
elevation  on  the  parabola’s  axis  of  symmetry.  This  eleva¬ 
tion  is  substituted  for  the  parabola’s  focus.  The  slope 
intersection  is  substituted  to  be  the  intersection  of  the  axis 
of  symmetry  and  the  directrix  (see  Figure  9-3,  part  c). 
The  difference  in  elevation  between  the  long  chord  mid¬ 
point  and  the  slope  intersection  is  “cf’  (see  Figure  9-3, 
part  b).  A  parabola  is  now  constructed  with  no  reference 
to  the  actual  route  alignment  imtil  later. 

c.  Using  definition  (1),  the  maximum  tangent  offset 
is  found  along  the  axis  of  symmetry  between  the  vertex 
and  the  directrix  (see  Figure  9-3,  part  c).  By  definition, 
the  value  of  this  tangent  offset  is  “^/2’’. 

d.  The  vertical  distance  or  tangent  offset  to  any 
other  point  on  the  parabola  varies  as  the  square  of  the 
horizontal  distance  from  the  curve  beginning.  Both  ends 
of  the  curve  are  used  if  the  grades  are  not  equal, 

e.  The  minimum  tangent  offset  distance  is  zero  on 
both  ends  of  the  parabola.  A  proportion  can  be 
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Figure  9-3.  Vertical  curve  geometry 

established  based  on  the  maximum  tangent  offset  which  is 
stationed  at  length  divided  by  2.  Combining  this  with 
definition  (2)  gives 

A;;  /  (d/2)  =  y?  /  (L/2)^ 

See  Figure  9-3,  part  c. 

9-12.  Vertical  Curve  -  Equation  Method 

The  rate  of  change  of  slope  in  a  vertical  curve  is  fixed. 
This  constant  is: 

Slope  Rate  Equation 

r  =  (g2-  gi)  !  L 

where 


g2  -  is  the  grade  opposite  the  PVC 

g;  =  is  the  grade  adjacent  the  PVC 

L  =  the  length  of  the  vertical  curve 

Normally  the  grades  are  entered  into  the  equations  as 
percents  and  the  lengths  are  reduced  to  stations.  This 
makes  the  rate  of  change  in  units  of  percent  grade  change 
per  station. 

a.  The  slope  at  any  point  can  be  found  from  the 
Slope  Rate  Equation  as: 

Slope  Equation 

g  =  rx^  gi 

At  the  PVC,  X  =  0  and  g  =  g;. 


r  =  rate  of  change  of  grade 
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At  the  PVT,  jc  =  L  and  g  -  g2. 

b.  The  Slope  Equation  is  used  to  find  stations  of  no 

slope.  These  stations  are  either  high  points  or  low  points 
in  the  curve.  If  slopes  Si  equal,  the  point  of 

zero  slope  is  on  a  vertical  line  with  the  slope  intersection. 
Otherwise  the  Slope  Equation  is  used  to  locate  the  route 
station  as 

rx  +  gj 

x  =  -gj/r 

c.  The  elevation  of  any  point  along  the  vertical 
curve  can  be  obtained  from  the  Slope  Equation  as 

y  =  (r/2)y^  SP^  Elev,  of  PVC 

9-13.  Vertical  Curve  Obstructions 

Other  criteria  may  impact  the  design  of  vertical  curves. 
Obstructions  may  be  the  controlling  factor  in  vertical 
curve  design.  USAGE  designs  bridges  over  navigation 
channels.  Shipping  commerce  must  be  accommodated  in 
the  waterways.  A  high  water  elevation  in  the  same  datum 
units  as  the  highway  elevations,  design  shipping  clear¬ 
ance,  and  safety  factor  provide  an  obstruction  elevation 
used  to  compute  the  length  of  a  vertical  curve.  Fig¬ 
ure  9-4  shows  a  sketch  of  a  vertical  curve  and  an  obstruc¬ 
tion  elevation  “z”  at  a  horizontal  distance  “5”  along  the 
highway  route  from  the  slope  intersection  of  two  known 
grades.  The  tangent  offsets  from  both  ends  of  the  curve 
to  the  elevation  “z”  are  used  to  compute  “L.” 

hi  /  (L/2  +  sf  ^h2/  (L/2  -  sf 

j  =/  +  5  *  g; 


Figure  9-4.  Vertical  curve  obstruction 

h,  =  j-z 

k  =  i  +  s*  g2  NOTE:  is  negative  in  the  figure 
h2  -  k  -  z 
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GUIDE  SPECIFICATION 
FOR 

TOPOGRAPHIC  MAPPING  SERVICES 

INSTRUCTIONS 


1 .  General.  This  guide  specification  is  intended  for  use  in  preparing  Architect-Engineer  (A-E)  contracts  for  professional 
surveying  and  mapping  services.  These  specifications  are  applicable  to  all  surveying  and  mapping  contracts  used  to 
support  U.S.  Army  Corps  of  Engineers  (USAGE)  civil  works  and  military  design  and  construction,  operations,  mainte¬ 
nance,  regulatory,  and  real  estate  activities.  This  guide  is  primarily  for  use  in  establishing  procedures  and  specifications 
obtained  through  contracts  under  Public  Law  (PL)  92-582  (Brooks  Act)  qualification-based  selection  procedures  and  for 
which  unit  prices  in  the  contract  schedule  are  negotiated. 

2.  Coverage.  This  guide  specification  contains  technical  standards  and/or  references  necessary  to  specify  the  more 
common  phases  of  a  topographic  and  planimetric  feature  detail  mapping  project  performed  by  conventional  methods. 
Specification  of  mapping  requiring  photogrammetric  methods  are  contained  in  Engineer  Manual  (EM)  1110-1-1000, 
Photogrammetric  Mapping. 

3.  Applicability.  The  following  types  of  A-E  contract  actions  are  supported  by  these  instructions: 

a.  Fixed-price  service  contracts. 

b.  Indefinite  delivery  type  (IDT)  contracts. 

c.  A  multi-discipline  surveying  and  mapping  IDT  contract  in  which  topographic  mapping  services  are  a  line  item 
supporting  other  surveying,  mapping,  hydrographic,  and  photogrammetric  services. 

d.  A  work  order  or  delivery  order  placed  against  an  IDT  contract. 

e.  Design  and  design-construct  contracts  that  include  incidental  surveying  and  mapping  services  (including  Title  II 
services).  Both  fixed-price  and  IDT  design  contracts  are  supported  by  these  instructions. 

4.  Contract  Format.  The  contract  format  outlined  in  this  guide  follows  that  prescribed  in  Appendix  B  of  Principal  Assis¬ 
tant  Responsible  for  Contracting  Instruction  Letter  92-4  {PARC  IL  94-4)^  dated  18  December  1992.  PARC  IL  92-4 
incorporates  changes  to  Part  14.201(a)(1)  of  the  1989  edition  of  the  Engineer  Federal  Acquisition  Regulation  Supplement 
{EFARS).  The  PARC  IL  92-4  contract  format  is  designed  to  support  PL  92-582  (SF  252)  qualification-based  A-E  pro¬ 
curement  actions. 

5.  General  Guide  Use. 

5.1  This  guide  is  primarily  intended  for  field-to-finish  topographic  and  planimetric  feature  detail  survey  contracts  for 
large-scale  site  plan  mapping  to  support  engineering  design  for  civil  works  and  military  construction  projects.  The  final 
mapping  product  with  supporting  data  should  be  completely  suitable  for  use  as  a  medium  to  support  design  and  develop¬ 
ment  of  contract  construction  plans  and  specifications.  Specifying  field-to-finish  implies  that  all  phases  of  the  mapping 
process,  from  establishing  control,  field  acquisition,  compilation,  and  delivery  of  the  final  compiled  product  will  be  per¬ 
formed  by  the  contractor  in  which  the  contractor  is  responsible  for  complete  quality  control  over  all  phases  of  the  work. 


B-1 


EM  1110-1-1005 
31  Aug  94 


5.2  In  adapting  this  guide  to  any  project,  specific  requirements  will  be  modified  as  necessary  for  the  work  contem¬ 
plated.  Changes  will  be  made  by  deletions  or  insertions  within  this  format.  With  appropriate  adaptation,  this  guide  form 
may  be  tailored  for  direct  input  in  the  Standard  Army  Automated  Contracting  System  (SAACONS).  Clauses  and/or  pro¬ 
visions  shown  in  this  guide  will  be  renumbered  during  SAACONS  input. 

6.  Insertion  of  Technical  Specifications.  EM  1110-1-1005,  Topographic  Surveying,  should  be  attached  to  and  made  part 
of  any  service  contract  for  mapping  services.  This  manual  contains  specifications  and  quality  control  criteria  for  field-to- 
fmish  execution  of  a  mapping  project. 

a.  Technical  specifications  for  topographic  mapping  that  are  specific  to  the  project  (including  items  such  as  the  scope 
of  work,  procedural  requirements,  and  accuracy  requirements)  will  be  placed  under  Section  C  of  the  SF  252  (Block  10). 
The  prescribed  format  for  developing  the  technical  specifications  is  contained  in  this  guide.  Project-specific  technical 
specifications  will  not  contain  contract  administrative  functions  as  these  should  be  placed  in  more  appropriate  sections  of 
the  contract. 

b.  Technical  specifications  for  other  survey  functions  required  in  a  surveying  and  mapping  services  contract  should  be 
developed  from  other  guide  specifications  applicable  to  the  discipline(s)  required. 

c.  Standards  and  other  specifications  should  be  checked  for  obsolescence  and  for  dates  of  applicability  of  amend¬ 
ments  and  revisions  issued  subsequent  to  the  publication  of  this  specification.  Use  Engineer  Pamphlet  (EP)  25-1-1,  Index 
of  USACE/OCE  Publications.  Maximum  use  should  be  made  of  existing  EM*s,  Technical  Manuals,  and  other  recognized 
industry  standards  and  specifications. 

7.  Alternate  Clauses/Provisions  or  Options.  In  order  to  distinguish  between  required  clauses  and  optional  clauses, 
required  clauses  are  generally  shown  in  capital  letters.  Optional  or  selective  clauses,  such  as  would  be  used  in  a  work 
order,  are  generally  in  lower  case. 

8.  Notes  and  Comments.  General  comments  and  instructions  used  in  this  guide  are  contained  in  asterisk  blocks.  These 
comments  and  instructions  should  be  removed  from  the  final  contract. 

9.  IDT  Contracts  and  Individual  Work  Order  Assignments.  Contract  clauses  which  pertain  to  IDT  contracts,  or  delivery 
orders  thereto,  are  generally  indicated  by  notes  adjacent  to  the  provision.  These  clauses  should  be  deleted  for  fixed-price 
contracts.  In  general,  sections  dealing  with  IDT  contracts  are  supplemented  with  appropriate  comments  pertaining  to  their 
use.  Work  orders  against  a  basic  IDT  contract  may  be  constructed  using  the  format  contained  in  Section  C  of  this  guide. 
Clauses  in  the  basic  contract  should  not  need  to  be  repeated  in  work  orders.  Contract  section  C  is  applicable  to  any  t>Tpe 
of  surveying  and  mapping  service  contracting  action. 
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SECTION  A 

SOLICITATION/CONTRACT  FORM 


NOTE:  Include  here  SF  252  in  accordance  with  the  instructions  in  EFARS. 

***ieieicic****1e******ie**it*irkit********ic****iHt******ic*1rk1c*ic1t****ic*it************1c*it****ic*^ 


SF  252  -  fBlock  51:  PROJECT  TITLE  AND  LOCATION 


****»**1H^***********************************»******************************^ 

NOTE:  Sample  title  for  fixed-price  contract 

*»»»*»»**************************1H>;*****»**********»***********»**^ 


TOPOGRAPHIC  AND  PLANIMETRIC  DETAIL  SURVEYS  IN  SUPPORT  OF  SITE  PLAN  DEVELOPMENT 

FOR  PRELIMINARY  CONCEPT  DESIGN  OF  ENGINEERING  INSTALLATION  FACILITY, _ AFB, 

TEXAS. 

TOPOGRAPHIC  MAPPING  SERVICES  _  CHANNEL  IMPROVEMENT,  _ ^LOCAL  FLOOD 

PROTECTION  PROJECT _ WASHINGTON. 


NOTE:  Sample  title  for  indefinite  delivery  type  contract. 

********»»»»»*****»********************1Hir»»******************^ 


INDEFINITE  DELIVERY  CONTRACT  FOR  PROFESSIONAL  SURVEYING  AND  MAPPING  AND 
RELATED  SERVICES  IN  SUPPORT  OF  VARIOUS  ‘[CIVIL  WORKS]  [MILITARY  CONSTRUCTION]  PROJ¬ 
ECTS  ‘[IN]  [ASSIGNED  TO]  THE _ DISTRICT. 


»1H^»»**********************»******»*******************»*»********* 

NOTE:  When  other  surveying  services  are  also  required  as  part  of  a  broader  surveying  contract,  the 
clause  shown  in  IL  92-4  shall  be  used. 

lMMHrtS»«)Mk)Mk**lWMMkl«(Mt**««il*M**1bHM(lHt<MHIt*)WlWH»***lk*ilt***lMrtk*******«t**<t*«r*******»*«*<t***.*MM****<t*«***.**..************* 
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SECTION  B 

SERVICES  AND  PRICES/COSTS 


NOTE:  The  fee  schedule  for  topographic  mapping  and  related  survey  services  shouid  be  developed  in 
conjunction  with  the  preparation  of  the  independent  government  estimate  (IGE)  along  with  the  technical 
specifications. 


*******■. 

ITEM 

DESCRIPTION 

QUAN  U/M  U/P  AMOUNT 

0001 

[Two][Three][Four][ _ ] 

Man  Survey  Party;  Includes 

Labor,  Travel,  Survey 

Equipment  and  Materials, 

Vehicle  Cost 

Day 

0002 

Registered/Licensed 

Land  Surveyor  -  Office 

Day 

0003 

Registered/Licensed 

Land  Surveyor  -  Field 

Day 

0004 

Supervisory  Survey  Technician 

Survey  Party  Chief 

Day 

0005 

Survey  Technician 

Survey  Instrumentman 

Day 

0006 

Surveying  Aid 

Survey  Rodman/Rodman 

Day 

0007 

Supervisory  Engineering  Technician 

CADD  Manager 

M/Hour 

0008 

Engineering  Technician 

Draftsman/CADD  Operator 

M/Hour 

0009 

Project  Manager/Principal 

M/Hour 

0010 

Computer  Charges 

CADD  Processing/Compilation 
(Operator  not  included) 

Hour 

0011 

Compilation  Materials/Reproduction 

C/Sht 
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STATEMENT  OF  WORK 


C.1  GENERAL.  THE  CONTRACTOR,  OPERATING  AS  AN  INDEPENDENT  CONTRACTOR  AND  NOT  AS  AN 
AGENT  OF  THE  GOVERNMENT,  SHALL  PROVIDE  ALL  LABOR,  MATERIAL,  AND  EQUIPMENT  NECES¬ 
SARY  TO  PERFORM  THE  PROFESSIONAL  SURVEYING  AND  MAPPING  AND  ‘[RELATED  SERVICES] 
‘[FROM  TIME  TO  TIME]  DURING  THE  PERIOD  OF  SERVICE  AS  STATED  IN  SECTION  D,  IN  CONNECTION 
WITH  PERFORMANCE  OF  TOPOGRAPHIC  SURVEYS  AND  THE  PREPARATION  OF  SUCH  MAPS  AS  MAY 
BE  REQUIRED  FOR  ‘[ADVANCE  PLANNING]  [DESIGN]  [AND  CONSTRUCTION]  [or  other  function]  ON  [VARI¬ 
OUS  PROJECTS]  [specify  project(s)].  THE  CONTRACTOR  SHALL  FURNISH  THE  REQUIRED  PERSONNEL, 
EQUIPMENT,  INSTUMENTATION,  AND  TRANSPORTATION  AS  NECESSARY  TO  ACCOMPLISH  ALL 
REQUIRED  SERVICES  AND  FURNISH  TO  THE  GOVERNMENT  DETAILED  MAPS,  PLATS,  DIGITAL  TER¬ 
RAIN  DATA,  UTILITY  DETAIL  SHEETS,  CONTROL  DATA  FORMS,  REPORTS,  AND  OTHER  DATA  WITH 
SUPPORTING  MATERIAL  DEVELOPED  DURING  THE  FIELD  DATA  ACQUISITION  AND  COMPILATION 
PROCESS.  DURING  THE  PROSECUTION  OF  THE  WORK,  THE  CONTRACTOR  SHALL  PROVIDE  ADE¬ 
QUATE  PROFESSIONAL  SUPERVISION  AND  QUALITY  CONTROL  TO  ASSURE  THE  ACCURACY,  QUAL¬ 
ITY,  COMPLETENESS,  AND  PROGRESS  OF  THE  WORK. 


*1MkiHt1Mt1Mk**1Mt**1Hb****1Mt1Hfc************************1Mt*******^ 

NOTE:  The  above  clause  is  intended  for  use  in  an  IDT  contract  for  topographic  and  pianimetric  map¬ 
ping  services.  It  may  be  used  for  fixed-price  service  contracts  by  deleting  appropriate  IDT  language 
and  adding  the  specific  project  survey  required.  This  clause  is  not  repeated  on  individual  delivery 
orders. 

********»*»***»**»1lr************************************^ 


C.2  LOCATION  OF  WORK. 


***************************************************** **»*^ 

NOTE:  Use  the  following  clause  for  a  fixed-scope  contract  of  Individual  work  order. 

***********1Hlr»*1N?****************»***************»*»*»**^ 

C.2.1.  TOPOGRAPHIC  MAPPING  AND  RELATED  SURVEYING  SERVICES  WILL  BE  PERFORMED  AT 

[ _ ]  ‘[list  project  area,  installation,  etc.].  ‘[A  MAP  EXHIBIT  DEFINING  THE  SITE  LOCATION  AND 

PROJECT  AREA  IS  ATTACHED  AT  SECTION  G  OF  THIS  CONTRACT.] 


NOTE:  Use  the  following  when  specifying  an  indefinite  delivery  contract  for  topographic  mapping 
services. 


C.2.2  TOPOGRAPHIC  MAPPING  AND  RELATED  SURVEYING  SERVICES  WILL  BE  PERFORMED  IN 

CONNECTION  WITH  PROJECTS  ‘[LOCATED  IN]  [ASSIGNED  TO]  THE  [ _ ]  DISTRICT.  ‘[THE 

_ ]  DISTRICT  INCLUDES  THE  GEOGRAPHICAL  REGIONS  WITHIN  ‘[AND  COASTAL  WATERS] 

[AND  RIVER  SYSTEMS]  ADJACENT  TO:] 


*[list  states,  regions,  etc.] 
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*******■*^******'t^■f^**^rk**^rk****^c***1rk**ic*****ic*ic^c**^rk**it*****ie**^c*****^c**^^ 

Note  also  any  local  points-of-contact,  right-of-entry  requirements,  clearing  restrictions,  installa¬ 
tion  security  requirements,  etc. 

***'*^********'^*^**-*^**-*^******irk*ic**irk***1cic***ie****icirk*iHiirk**1c*icicici,*^ 

C.3  TECHNICAL  CRITERIA  AND  STANDARDS.  THE  FOLLOWING  STANDARDS  ARE  REFERENCED  IN 
THIS  GUIDE.  STATE  OR  LOCAL  CODES  MAY  HAVE  PRIORITY. 

C.3.1  USACE  EM  1110-1-1005,  TOPOGRAPHIC  SURVEYING.  THIS  REFERENCE  IS  ATTACHED  TO 
AND  MADE  PART  OF  THIS  CONTRACT.  (SEE  SECTION  G.) 

C.3.2  USACE  EM  1110-1-1002,  SURVEY  MARKERS  AND  MONUMENTATION.  ‘[THIS  REFERENCE  IS 
ATTACHED  TO  AND  MADE  PART  OF  THIS  CONTRACT  (SEE  SECTION  G)] 

C.3.3  USACE  EM  1110-1-1807,  STANDARDS  MANUAL  FOR  USACE  COMPUTER-AIDED  DESIGN  AND 
DRAFTING  (CADD)  SYSTEMS. 

C.3.4.  *ASPRS  Accuracy  Standards  for  Large-Scale  Maps. 

C.3.5.  ‘[District  Drafting  Standards,  sheet  sizes,  types,  formats,  etc.]. 

C.3.6.  ‘[Other  applicable  references,  appendices]. 


*******'^'^**-t^******ic*ic*ic**ic****ic***irk**ic*ic*ic*ic*ic*******ic*****1cic****^^ 

Note.  List  other  reference  standards  that  may  be  applicable  to  some  phase  of  the  work  such  as  other 
Engineer  Manuals  or  standard  criteria  documents.  Such  documents  need  not  be  attached  to  the  Con¬ 
tract;  if  attached,  however,  reference  should  be  made  to  their  placement  in  contract  Section  G 


WORK  TO  BE  PERFORMED.  PROFESSIONAL  SURVEYING  AND  MAPPING  AND  RELATED  SER¬ 
VICES  TO  BE  PERFORMED  UNDER  THIS  CONTRACT  ARE  DEFINED  BELOW.  UNLESS  OTHERWISE 
INDICATED  IN  THIS  CONTRACT  ‘[OR  IN  DELIVERY  ORDERS  THERETO],  EACH  REQUIRED  SERVICE 
SHALL  INCLUDE  FIELD-TO-FINISH  EFFORT.  ALL  MAPPING  WORK  WILL  BE  PERFORMED  USING 
APPROPRIATE  INSTRUMENTATION  AND  PROCEDURES  FOR  ESTABLISHING  CONTROL,  FIELD  DATA 
ACQUISITION,  AND  COMPILATION  IN  ACCORDANCE  WITH  THE  FUNCTIONAL  ACCURACY  REQUIRE¬ 
MENTS  TO  INCLUDE  ALL  QUALITY  CONTROL  ASSOCIATED  WITH  THESE  FUNCTIONS.  THE  WORK 
WILL  BE  ACCOMPLISHED  IN  STRICT  ACCORDANCE  WITH  SURVEYING  AND  MAPPING  CRITERIA  CON¬ 
TAINED  IN  THE  TECHNICAL  REFERENCES  (PARAGRAPH  C.3  ABOVE),  EXCEPT  AS  MODIFIED  OR 
AMPLIFIED  HEREIN. 


*'^****-*^'f^'^’^****-f^’*^irk**irkirk**irk**ic***ic***irk***ic**irkic*1,irkirk**ic**^^^ 

NOTE,  The  foliowing  clauses  in  this  section  of  the  guide  may  be  used  for  either  fixed-price  surveying 
and  mapping  contracts,  IDT  work  orders  under  an  IDT  contract,  or  IDT  contracts  where  surveying  and 
mapping  services  are  part  of  a  schedule  of  various  survey  disciplines. 

***************'*^****^****^*****rk*it****it***********iiic***i(1c*it*itic****ft**1t***ii1citiei:***ifiei^ 

C.4.1.  PURPOSE  OF  WORK.  THE  WORK  TO  BE  PERFORMED  UNDER  THIS  CONTRACT  IS  TO  BE 
USED  AS  BASIC  SITE  PLAN  MAPPING  INFORMATION  TO  SUPPORT  ‘[BE  INCORPORATED  INTO] 
[INSTALLATION/BASE  COMPREHENSIVE  MASTER  PLANNING]  [ENGINEERING  DESIGN]  [CONSTRUC¬ 
TION]  [OPERATION]  [MAINTENANCE]  [REAL  ESTATE]  [REGULATORY]  [HAZARDOUS  AND  TOXIC  WASTE 
SITE _ ];  INCLUDING  ALL  RELATED  ACTIVITIES. 
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NOTE:  A  description  of  the  functional  purpose  of  the  mapping  product  should  be  stated  in  order  for 
the  contractor  to  focus  his  efforts  and  quality  control  toward  the  more  critical  aspects  of  the  project. 
The  above  clause  should  fully  define  the  intended  use  of  the  mapping  product  to  be  furnished  by  the 
contractor. 


C.4.2.  GENERAL  SURVEYING  AND  MAPPING  REQUIREMENTS.  TOPOGRAPHIC  AND  PLANIMETRIC 

FEATURE  DETAIL  MAPS  SHALL  BE  COMPILED  AT  A  TARGET  SCALE  OF  1  IN.  =  [ _ ]  FT  FOR  THE  SITE 

DELINEATED  ON  EXHIBIT  ATTACHED  AT  SECTION  G.  THE  MAPPING  AND/OR  RELATED  DIGITAL 
PRODUCTS  SHALL  MEET  OR  EXCEED  USACE  (ASPRS)  CLASS  *[ _ ]  ACCURACY  STANDARDS  AS  SPE¬ 

CIFIED  IN  EM  1110-1-1005.  PLANIMETRIC  FEATURE  DETAIL  WILL  BE  COMPILED  IN  ACCORDANCE 
WITH  THE  HORIZONTAL  ACCURACY  STANDARDS  SET  FOR  THIS  CLASS.  CONTOURS  SHALL  BE 
DEVELOPED  AT  [ _ ]  -  FT  INTERVALS  IN  ACCORDANCE  WITH  THE  VERTICAL  ACCURACY  STAN¬ 

DARDS  SET  FOR  THIS  CLASS.  FEATURE  AND  TERRAIN  DATA  SHALL  BE  DELIVERED  IN  *[HARD  COPY 
AND]  DIGITAL  FORMAT. 


NOTE:  The  above  clause  should  be  used  for  fixed-scope  contracts  of  IDT  contract  work  orders  to  give 
an  overview  of  the  general  mapping  effort.  Technical  requirements  will  be  described  in  subsequent 
paragraphs. 

Note  that  the  final  map  compilation  target  scale  and  ASPRS  Accuracy  Class/Standard  Is  defined 
upfront  in  the  scope  of  work. 


IDT  contracts  and  work  orders:  Since  specific  project  scopes  are  indefinite  at  the  time  a  basic  con¬ 
tract  is  prepared,  only  general  technical  criteria  and  standards  can  be  outlined.  Project  of  site-specific 
criteria  wiil  be  contained  in  each  delivery  order  along  with  any  deviations  from  the  technical  standards 
identified  in  the  basic  IDT  contract.  The  clauses  contained  within  the  remainder  of  the  contract  are 
used  to  develop  general  requirements  for  a  basic  IDT  contract.  Subsequent  delivery  orders  will  refer¬ 
ence  these  clauses,  adding  project-specific  work  requirements  as  required.  Delivery  order  formats 
should  follow  the  outline  established  for  the  basic  IDT  contract. 


C.4.3.  FIELD  PROCEDURES  AND  REQUIREMENTS.  APPROPRIATE  INSTRUMENTATION  AND  PRO¬ 
CEDURES,  CONSISTENT  WITH  ACCEPTED  PROFESSIONAL  SURVEYING  AND  MAPPING  INDUSTRY 
STANDARDS  AND  PRACTICE,  SHALL  BE  SELECTED  TO  ACHIEVE  THE  ACCURACY  STANDARDS 
REQUIRED.  THE  CONTRACTOR  SHALL  FIELD  A  FULLY  EQUIPPED  SURVEY  CREW(S),  CONSIST¬ 
ING  OF  PROFESSIONAL  SURVEY  PERSONNEL,  EXPERIENCED  IN  PERFORMING  THE  REQUIRED 
SURVEYS  AND  CAPABLE  OF  COMPLETING  THE  WORK  WITHIN  ALLOTTED  SCHEDULES.  ALL  FIELD 
OBSERVATIONAL  DATA  REQUIRED  TO  SET  AND  ESTABLISH  PROJECT  CONTROL  SHALL  BE 
RECORDED  IN  STANDARD  PERMANENT  BOUND  FIELD  BOOKS  WHICH  WILL  SUBSEQUENTLY  BE 
DELIVERED  TO  THE  GOVERNMENT.  ALL  SURVEY  WORK  SHALL  BE  PERFORMED  UNDER  ADEQUATE 
SUPERVISION  AND  QUALITY  CONTROL  MEASURES.  *[ALL  SURVEY  WORK,  INCLUDING  OFFICE  COM¬ 
PUTATIONS  AND  ADJUSTMENTS,  IS  SUBJECT  TO  GOVERNMENT  REVIEW  AND  APPROVAL  FOR  CON¬ 
FORMANCE  WITH  PRESCRIBED  ACCURACY  STANDARDS.  DEFICIENCIES  WILL  BE  RECOGNIZED  AND 
STEPS  TO  INITIATE  CORRECTIVE  ACTIONS  SHALL  BE  TAKEN  AS  REQUIRED].  ‘[THE  CONTRACTOR 
SHALL  ALLOW  DIRECT  CONTACT  WITH  RESPONSIBLE-IN-CHARGE  PERSONNEL  FOR  EACH  PHASE  OF 
THE  WORK  FOR  PURPOSES  OF  PROGRESS  ESTIMATES  AND  COMPLIANCE  WITH  THE  CONTRACT 
REQUIREMENTS]. 

C.4.3.1.  HORIZONTAL  CONTROL  SHALL  REFERENCE  EXISTING  PROJECT  AREA  CONTROL. 
CONTROLLING  POINTS  SHALL  BE  OCCUPIED  AS  A  STATION  WITHIN  A  CLOSED  TRAVERSE  THAT  WILL 
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MEET  OR  EXCEED  *[THIRD][ _ ]-  ORDER,  ‘[CLASS*[I]|_1  RELATIVE  ACCURACY  CLASSIFICATION  *[OR  1 

PART  IN  10,000]  f  1  AS  ESTABLISHED  FOR  ASPRS  CLASS  *[ _ ]  MAPPING  STANDARDS.  THE  TRA¬ 

VERSE  SHALL  INITIATE  AND  CLOSE  UPON  ACCEPTABLE  CONTROL  MONUMENTATION  USED  TO 
ESTABLISH  THE  EXISTING  PROJECT  GRID  SYSTEM.  ALL  GRID  COORDINATES  SHOWN  ON  THE  MAP 
PRODUCTS  SHALL  BE  EXPRESSED  IN  OR  CONVERTED  TO,  *[US  SURVEY  FEET]  [INTERNATIONAL 
FEET]  [METERS].  COORDINATES  SHALL  BE  REFERENCED  TO  THE  LOCAL  *[SPCS  27]  [SPCS  83]  [UTM 
ZONE]. 


C.4.3.2.  VERTICAL  CONTROL  SHALL  BE  REFERENCED  TO  *[NGVD  29][NAVD  88].  CONTROLLING 
POINTS  SHALL  BE  ESTABLISHED  WITHIN  A  CLOSED  LEVEL  LOOP  THAT  WILL  MEET  OR  EXCEED 
‘[THIRD]  [ _ ]-ORDER,  ACCURACY  STANDARDS  AS  ESTABLISHED  FOR  ASPRS  CLASS  *[ _ ]  MAP¬ 

PING  STANDARDS.  ELEVATIONS  SHALL  ORIGINATE  AND  CLOSE  ON  ACCEPTABLE  BENCHMARKS  IN 
THE  PROJECT  AREA.  UNLESS  OTHERWISE  INDICATED,  INITIATING  AND  CLOSING  THE  LEVEL  LOOP 
ON  THE  SAME  BENCHMARK  SHALL  NOT  CONSTITUTE  AN  ACCEPTABLE  CONTROL  CIRCUIT. 


NOTE:  Few  USAGE  surveying  and  mapping  projects  require  relative  accuracy  classifications  in  excess 
of  Third  Order,  Class  I,  1:10,000  for  horizontal  control  and  Third  Order  1:5,000  for  vertical  control. 
Although  instrumentation,  conventional  and  GPS,  are  capable  of  achieving  higher  accuracy  require¬ 
ments,  specifying  higher  levels  of  accuracy  may  adversely  impact  the  overall  project  cost  and  should 
be  thoroughly  justified  relative  to  the  required  mapping  accuracies  and  other  Actors. 

1HMt1M^**1Mt1Mt**********1Wt******1M»f********************************************^ 


C.4.3.3.  EXISTING  PROJECT/NETWORK  CONTROL.  A  TABULATION  AND/OR  DESCRIPTION  OF 
EXISTING  PROJECT/NETWORK  CONTROL  POINTS  *[IS  SHOWN  BELOW]  [IS  SHOWN  IN  ATTACHMENT] 
[WILL  BE  PROVIDED  IN  THE  DELIVERY  ORDER],  THE  SOURCE  AGENCY,  COORDINATES,  DATUM,  AND 
ESTIMATED  ACCURACY  OF  EACH  POINT  ARE  INDICATED.  PRIOR  TO  USING  ANY  CONTROL  POINTS, 
THE  MONUMENTS  SHOULD  BE  CHECKED  TO  ENSURE  THAT  THEY  HAVE  NOT  BEEN  MOVED  OR 
DISTURBED. 


NOTE:  List  existing  control  station(s)  or,  alternately,  refer  to  a  map  exhibit,  tabulation  attachment, 
and/or  descriptions  that  would  be  included  in  an  attachment. 


a.  ‘The  contractor  shall  perform  the  necessary  surveys  to  connect  existing  project  control  to  assure 
that  such  control  has  sufficient  relative  accuracy  to  adequately  control  the  overall  project.  Should  these  surveys 
indicate  deficiencies  in  the  existing  control,  the  contractor  shall  advise  the  Contracting  Officer  ‘[or  Contracting 
Officer  Representative].  The  contractor  shall  furnish  the  appropriate  data  indicating  a  deficiency.  If  the  Con¬ 
tracting  Officer  ‘[or  Contracting  Officer  Representative]  deems  it  necessary  to  perform  resurveys  of  the  existing 
network,  appropriate  modification  may  be  made  to  the  contract. 

b.  ‘Suitable  control  monumentation  shall  be  set  as  required  to  adequately  control  construction  phases. 
All  stations  shall  be  monumentated  in  accordance  with  EM  1110-1-1002,  Survey  Markers  and  Monumentation. 

Monumentation  for  this  project  shall  be  Type  ‘[ _ ]  for  horizontal  and  Type  ‘f  1  for  vertical,  per  EM  1110-1- 

1002  criteria.  ‘[Monumentation  shall  be  defined  to  include  the  required  reference  marks  and  azimuth  marks 
required  by  EM  1110-1-1002.] 


NOTE:  Deviations  from  EM  1110-1-1002  should  be  indicated  as  required.  USAGE  project  control  rarely 
requires  suppiemental  reference/azimuth  marks  -  the  optional  specification  clauses  below  should  be 
tailored  accordingly. 
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c.  *At  each  station,  angle  and  distance  measurements  shall  be  made  between  a  network  station  and 
reference/azimuth  marks  established  in  accordance  with  the  requirements  set  forth  in  EM  1110-1-1002.  Ail 
observations  shall  be  recorded  in  a  standard  bound  field  book. 

(1)  ‘For  reference  marks,  two  (2)  directional  positions  are  required  (reject  limit  +  10-second  arc)  and 
with  steel  taping  performed  to  the  nearest  +  0.01  ft. 

(2)  ‘Four  directional  positions  are  required  for  azimuth  marks.  The  reject  limit  for  a  1 -second  theodo¬ 
lite  is  +  5  seconds.  Azimuth  mark  landmarks  shall  be  easily  defined/described  natural  features  or  structures  of 
sufficient  distance  to  maintain  a  ‘[  ]-second  angular  accuracy.  ‘[  -order  astronomic  azimuths  shall  be 
observed  to  azimuth  marks.] 

(3)  ‘A  compass  reading  shall  be  taken  at  each  station  to  reference  monuments  and  azimuth  marks. 

C.4.3.4.  STATION  DESCRIPTION  AND  RECOVERY  REQUIREMENTS. 

a.  ‘Station  descriptions  and/or  recovery  notes  shall  be  written  in  accordance  with  the  instructions  con¬ 
tained  in  EM  1110-1-1002.  ‘[Form  [ _ [shall  be  used  for  these  descriptions.]  Descriptions  shall  be  ‘[written] 

[typed]. 

b.  ‘Descriptions  ‘[are]  [are  not]  required  for  ‘[existing]  [and/or  newly  established]  stations. 

c.  ‘Recovery  notes  ‘[are]  [are  not]  required  for  existing  stations. 

d.  ‘A  project  control  sketch  ‘[is]  [is  not]  required. 


C.4.4.  FIELD  CLASSIFICATION  AND  MAP  CHECK  SURVEYS.  FIELD  CLASSIFICATION,  INSPECTION, 
AND/OR  CHECK/MAP  ACCURACY  TEST  SURVEYS  ‘[WILL]  [WILL  NOT]  BE  PERFORMED  ‘[ON  THIS 
PROJECT]. 


NOTE:  Tests  for  compliance  of  a  map  sheet  are  optional.  Check  points  are  based  on  “well-defined 
points”  established  in  a  manner  agreed  upon  by  the  contracting  parties.  Criteria  for  testing  for  map 
accuracy  compliance  are  defined  in  the  ASPRS  Accuracy  Standards  for  Large-Scale  Maps. 


C.5.  MAP  COMPILATION.  DRAFTING.  AND  CADD  SPECIFICATIONS. 

C.5.1.  MAP  COMPILATION  SCALE.  THE  CONTRACTOR  SHALL  FURNISH  ‘[REPRODUCIBLE]  FIN¬ 
ISHED  MAPS  AT  A  SCALE  OF  1  IN.  =  ‘[  ]  FT.  THE  MAP  MEDIA  SHALL  BE  COMPUTER-GENERATED 

PLOTS  ON  ‘[PAPER]  [HIGH-GRADE,  STABLE  BASE  MYLAR  NOT  LESS  THAN  ‘[ _ ]  IN.  IN  THICKNESS] 

‘[E]  U  -  SIZE  SHEETS]. 

C.5.2  TOPOGRAPHIC  AND  PLANIMETRIC  FEATURES.  THE  MAPS  SHALL  CONTAIN  ALL  TOPO¬ 
GRAPHIC  AND  PLANIMETRIC  FEATURES  ENCOUNTERED  WITHIN  THE  PROJECT  LIMITS.  THE  MAPS 
SHALL  PROPERLY  DEPICT  THE  EXISTING  SITE  CONDITIONS  AS  NECESSARY  FOR  THE  PROPER  USE 
OF  THEIR  INTENDED  PURPOSE.  THE  FINAL  MAPPING  PRODUCT  GENERATED  BY  THE  CONTRACTOR 
SHALL  COMPLY  WITH  AND  CONTAIN  BUT  NOT  BE  LIMITED  TO  THE  FOLLOWING: 

a.  TERRAIN  FEATURES/CONTOUR  DEVELOPMENT.  ‘[THE  CONTOUR  INTERVAL  FOR  THIS 

PROJECT  IS _ FT.].  CONTOURS  SHALL  BE  LEGIBLE  AND  DRAWN  SHARP  AND  CLEAR  AS  SOLID 

LINES.  EVERY  ‘[FIFTH]  [  ]  CONTOUR  (INDEX  COUTOUR)  SHALL  BE  ACCENTUATED  AS  A  HEAVIER 
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LINE  THAN  THE  INTERMEDIATE  FOUR.  HALF-INTERVAL  OR  [  ]  FT.  SUPPLEMENTAL  CONTOURS 

SHALL  BE  ADDED  AS  DESIGNATED.  LABELING  OR  NUMBERING  OF  CONTOURS  SHALL  BE  PLACED 
SO  THE  ELEVATIONS  ARE  READILY  DISCERNIBLE.  LABELING  OF  INTERMEDIATE  CONTOURS  MAY  BE 
REQUIRED  IN  AREAS  OF  LOW  RELIEF. 

(1)  TURNING  POINTS  THAT  DEFINE  DRAINAGE  CHANNELS,  DITCHES,  ETC.,  SHALL  BE  CON¬ 
SISTENT  IN  DEPICTING  CORRECT  ALIGNMENT  AND  DIRECTION  OF  DRAINAGE. 

(2)  SPOT  ELEVATIONS  SHALL  BE  ESTABLISHED  AND  SHOWN  ON  THE  MAPS  AT  WATER  SUR¬ 

FACES  ON  SHORELINES  OF  LAKES,  RESERVOIRS,  PONDS,  AND  THE  LIKE;  HIGH  AND  LOW  POINTS  AT 
HILLTOPS  AND  DEPRESSIONS:  AT  INTERSECTIONS  AND  ALONG  CENTER  LINES  OF  STREETS  AND, 
WHERE  APPLICABLE,  TOP  CURB  AND  GUTTER;  AT  TOPS  AND  BOTTOMS  OF  VERTICAL  WALLS  AND 
OTHER  STRUCTURES:  AND  AT  CENTER  LINE  OF  END  OF  BRIDGES.  GROUND  SPOT  ELEVATIONS 
SHALL  SUFFICIENTLY  SUPPLEMENT  CONTOURED  ELEVATIONS  AND  SHALL  NOT  EXCEED  *[  ]IN.  AT 
TARGET  SCALE.  SPOT  ELEVATIONS  SHOWN  ON  THE  MAP  SHEETS  SHALL  BE  ACCURATE  TO  [  ] 

DESIGNATED  CONTOUR  INTERVAL. 

(3)  DIGITAL  TERRAIN  MODEL  (DTM)  GENERATION.  DIGITAL  ELEVATION  MODELS  (DEM) 
SHALL  BE  GENERATED  BY  ‘(GRID,  TRACE  METHODS]  CONTROLLING  METHODS  ON  A  NETWORK  OF 
RANDOM  POINTS  SUPPLEMENTED  WITH  BREAK-LINE  POINTS  TO  PROPERLY  ESTABLISH  THE  TER¬ 
RAIN  MODEL.  CONTOURS  WILL  BE  GENERATED  USING  STANDARD  DTM/CADD  APPLICATION 
SOFTWARE. 

b.  PLANIMETRIC  FEATURE  DATA  DETAILING.  THE  MAPS  SHALL  CONTAIN  ALL  PLANIMETRIC 
FEATURES  ENCOUNTERED  WITHIN  THE  PROJECT  LIMITS  AND  COMPATIBLE  WITH  THE  TYPE  OF 
PROJECT  INVOLVED  (I.E.,  MILITARY  MASTER  PLANNING,  ENGINEERING  SITE  PLAN  MAPPING,  ETC.) 
THESE  SHALL  INCLUDE,  BUT  NOT  BE  LIMITED  TO,  BUILDINGS;  ROADS;  SEWER  SERVICE  LINES; 
UTILITY  SYSTEMS,  SURFACE  AND  SUBSURFACE  INCLUDING  ALL  APPURTENANCES,  SUCH  AS  COM¬ 
MUNICATION,  GAS,  WATER,  FUEL,  ELECTRIC,  TELEPHONE,  OVERHEAD  POWERLINES,  TRANSMISSION 
PIPELINES;  STORM  DRAINAGE  FEATURES  AND  STRUCTURES,  BRIDGES,  CULVERTS,  PIERS,  SPILL¬ 
WAYS,  CHANNEL  SYSTEMS;  TIMBERED  AREAS,  LANDSCAPES  AND  INDIVIDUAL  TREES  THAT  ARE 

RECOGNIZED  AS  SUCH;  RECREATION  AREAS;  CEMETERIES;  *[ _ ],  ETC.  *[ 

FEATURES/UTILITIES  SHALL  BE  SKETCHED  IN  DETAIL  AND  SHOWN  ON  A  SEPARATE  SHEET  OR, 
WHERE  APPLICABLE,  SHOWN  ON  THE  MAP  SHEET(S)  PROPERLY  INDEXED  IN  RELATION  TO  LOCA¬ 
TION]. 


(1)  ‘SURFACE  UTILITY  DATA.  LOCATE  AND  IDENTIFY  ALL  CULVERTS  (PIPES  OR  BOX 
DRAINS);  WATER  SYSTEMS  INCLUDING  VALVES  AND  METERS;  CATCH  BASIN  INLETS  AND  OUTLETS; 
MANHOLES  (STORM,  SANITARY,  TELEPHONE,  GAS,  ELECTRIC);  METERA/ALVE  BOXES;  OVERHEAD 
POWER  POLE  LOCATION  AND  TYPE;  LOW  WIRE  HEIGHTS;  OVERHEAD  TOWERS;  AND  TRANS¬ 
FORMERS.  OBTAIN  PHOTOGRAPHS  AND/OR  SKETCHES  AS  DESIGNATED.  ‘[SPECIFY  UTILITY  DETAIL 
REQUIREMENTS,  SKETCHES,  DETAIL  SHEETS,  ETC.] 

(2)  ‘SUBSURFACE  UTILITY  DATA.  FOR  DESIGNATED  SUBSURFACE  UTILITIES,  SHOW  ALL 

SYSTEMS  AND  APPURTENANCES.  PROVIDE  PIPE/CONDUIT  ALIGNMENT,  TYPE,  SIZE,  ‘[SUBSURFACE 
PROFILE],  JUNCTION  POINTS,  ETC.;  OBTAIN  TOP  AND  INVERT  ELEVATIONS  OF  ALL  [ _ ]. 

(3)  ‘HIGHWAYS,  ROADS,  AND  STREETS.  OBTAIN  NAMES,  DESCRIPTIONS,  CLASSIFICATIONS; 
CENTER-LINE  PROFILES  OR  SECTIONS  AS  DESIGNATED;  ROUTE  CLASSIFICATION;  PAVEMENT  WIDTH 
AND  TYPE  AND  CONDITION  OF  SURFACE.  WHERE  DESIGNATED,  SHOW  CURB  AND  GUTTER  AND 
JOINT  LAYOUT  FOR  CONCRETE  PAVEMENT. 
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(4)  ‘BRIDGES  AND  CULVERTS.  OBTAIN  DIMENSIONS  AND  STRUCTURAL  TYPE  AND  CONDI¬ 
TION;  MEASURE  DECK,  FLOW  LINE,  AND  CLEARANCE  ELEVATIONS;  HORIZONTAL  CLEARANCES 
BETWEEN  ABUTMENTS  AND  PIERS,  IF  ANY;  AND  WIDTH  OF  PIERS.  INCLUDE  DETAILED  PLAN  AND 
ELEVATION  SKETCHES,  OBTAIN  PHOTOGRAPHS  UPSTREAM  AND  DOWNSTREAM. 

(5)  ‘BUILDINGS  AND  PERTINENT  STRUCTURES.  OBTAIN  PROPER  NAMES  OF  ALL  BUILDINGS 

OR  LANDMARKS;  PROPER  NAMES,  INSTALLATION  NUMBERING,  AND/OR  DESCRIPTIONS  OF  ALL 
BUILDINGS  AND  OTHER  STRUCTURES  AFFECTED  OR  POSSIBLY  AFFECTED  BY  THE  PROJECT;  FOUN¬ 
DATION  AND  FIRST-FLOOR  ELEVATIONS  OF  THOSE  STRUCTURES  WITHIN  DESIGNATED  LIMITS 
AND/OR  ELEVATIONS  BELOW  [ _ ]  FT;  BASEMENT  ELEVATIONS;  SEWER/DRAIN  OUTLET  INFORMA¬ 

TION  BELOW  ELEVATION  LJ.  OBTAIN  PHOTOGRAPHS  OF  BUILDINGS  AND  STRUCTURES. 

(6)  ‘LOCATE  AND  SHOW  TYPE,  SIZE,  AND  APPROXIMATE  NUMBER  OF  TREES  PER  ‘[  ] 

SQUARE  FEET  OF  AREA  AS  REQUIRED  TO  PROPERLY  ACCESS  CLEARING  REQUIREMENTS.  ACCU¬ 
RATELY  LOCATE  AND  DESCRIBE  ALL  SCATTERED,  INDIVIDUAL  TREES  IN  EXCESS  OF  ‘[ _ ]  IN. 

DIAMETER. 


NOTE:  Describe  any  special  requirements  for  detailed  drawings.  Add  to  and  elaborate  on  any  of  the 
above  instructions  on  feature  detail  or  utility  data  as  required  to  properly  develop  a  utility  plan  and  that 
which  may  be  critical  to  the  particular  project,  especially  If  relocation  work  is  to  be  performed.  Specify 
any  areas  where  planimetric/utility  feature  detail  is  especially  Important,  or  where  It  may  be 
deemphasized.  Also  specify  any  requirements  for  field  verification  of  utilities  vs.  taken  from  as-built 
plans. 


C.5.3  FINAL  SITE  PLAN  MAPS  AND/OR  DIGITAL  DATA  CONTENTS. 

a.  COORDINATE  GRID.  UNLESS  OTHERWISE  SPECIFIED,  THE  GRID  SYSTEM  SHALL  BE  ESTAB¬ 
LISHED  ON  THE  LOCAL  STATE  PLANE  COORDINATE  SYSTEM  (SPCS)  ‘[UNIVERSAL  TRANSVERSE  MER¬ 
CATOR  (UTM).  GRID  TICKS  SHALL  BE  PLACED  ON  THE  MAP  SHEETS  AT  FIVE  (5)  INCH  INTERVALS 
WITH  COORDINATE  VALUES  PROPERLY  ANNOTATED  AND  SHOWN  AT  THE  TOP  AND  RIGHT  EDGE  OF 
EACH  MAP  SHEET. 

b.  ALL  HORIZONTAL  AND  VERTICAL  CONTROLS  SHALL  BE  PLOTTED  ON  THE  MAP  TO  AN 

ACCURACY  OF  ‘[  ]  RELATIVE  TO  THEIR  TRUE  POSITION.  PRIMARY  CONTROL  SET  TO  CONTROL 

CONSTRUCTION  PHASES  SHALL  BE  LABELED  AS  SUCH. 

c.  MULTIPLE  MAP  SHEETS  SHALL  CONTAIN  AN  INDEX  OF  THE  SHEET  LAYOUT  ORIENTED 

‘[NORTH  ]  [  ]  TO  EACH  SHEET.  MATCH  LINES/MATCH  GRID  SHALL  BE  PROVIDED  AND  PROPERLY 

LABELED  SUCH  THAT  EACH  SHEET  MAY  BE  JOINED  ACCURATELY  TO  ADJACENT  SHEETS. 

d.  SYMBOLOGY  USED  ON  THE  MAP  SHEETS  SHALL  BE  IN  ACCORDANCE  WITH  SYMBOLS  PRO¬ 
VIDED,  REFERENCE  ‘[  ]. 

e.  THE  TITLE  BLOCK,  SHEET  INDEX,  AND  LEGEND  SHALL  BE  PLACED  ON  THE  MAP  SHEETS  TO 
THE  DESIGNATED  SIZE  AND  ARRANGEMENT.  THE  TITLE  BLOCK  SHALL  INCLUDE  THE  NAME  OF  THE 
CONTRACTING  AGENCY,  PROJECT  NAME,  DATE,  SCALE,  AND  NAME  OF  THE  CONTRACTOR  PER¬ 
FORMING  THE  WORK.  THE  TITLE  BLOCK  CONTENTS  ‘[SHEET  INDEX  REQUIREMENTS][LEGEND 
REQUIREMENTS]  WILL  BE  FURNISHED  TO  THE  CONTRACTOR.  ‘[THE  CONTRACTOR’S 
NAME/ADDRESS,  CONTRACT/DELIVERY  ORDER  NUMBER,  AND  LOGO  WILL  BE  PLACED  ON  EACH  MAP 
SHEET]  ‘[ADD  APPLICABLE  PROFESSIONAL  CERTIFICATION  REQUIREMENTS]. 
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f.  ALL  DESIGN  FILES  WITH  SUPPORTING  DATA  SHALL  BE  FURNISHED  ON  HIGH-DENSITY  5-1/4" 
OR  3-1/2"  DISKETTES  ‘[BERNOULLI  CARTRIDGE,  OTHER  MAGNETIC  MEDIA].  THE  FORMAT  SPECIFIED 
WILL  BE  DEPENDENT  ON  THE  OPERATING  SYSTEM  OF  THE  DESIGN  WORKSTATION,  I.E,  DOS,  UNIX, 
OTHER. 

g.  COMPLETED  MAPS,  REPRODUCTIONS,  COMPILATION  DATA,  DIGITAL  DATA  SHALL  BE  DELIV¬ 
ERED  IN  ACCORDANCE  WITH  THE  WORK  ORDER  REQUIREMENTS. 

C.6  QUALITY  CONTROL  AND  ASSURANCE  STANDARDS. 

C.6.1.  CONTRACTOR  QUALITY  CONTROL. 

a.  GENERAL.  ALL  FINAL  MAPPING  DATA  SUBMITTED  UNDER  THIS  CONTRACT  SHALL 
CONFORM  TO  THE  ACCURACY  STANDARDS  OUTLINED  IN  EM  1110-1-1005  UNLESS  MODIFIED  OR  SUP¬ 
PLEMENTED  BELOW.  THE  CONTRACTOR  SHALL  BE  RESPONSIBLE  FOR  ALL  INTERNAL  QUALITY  CON¬ 
TROL  FUNCTIONS  FOR  ALL  PHASES  OF  THE  WORK  AS  REQUIRED  TO  ASSURE  THE  COMPLETENESS 
AND  ACCURACY  OF  FINAL  COMPILED  MAPS. 

b.  MATERIALS.  ALL  MATERIALS,  SUPPLIES,  OR  ARTICLES  REQUIRED  FOR  WORK  THAT  ARE 
NOT  COVERED  HEREIN,  OR  BY  WORK  ORDER  SPECIFICATIONS,  SHALL  BE  STANDARD  PRODUCTS  OF 
REPUTABLE  MANUFACTURERS,  AND  ENTIRELY  SUITABLE  FOR  THE  INTENDED  PURPOSE.  UNLESS 
OTHERWISE  SPECIFIED,  THEY  SHALL  BE  NEW  AND  UNUSED  AND  SUBJECT  TO  THE  APPROVAL  OF 
THE  CONTRACTING  OFFICER. 

c.  METHODS  FOR  EVALUATING  MAP  ACCURACY.  ALL  MAPS  COMPILED  SHALL  BE  SUBJECT 
TO  MAP  TESTING  BY  THE  GOVERNMENT,  BY  INDEPENDENT  THIRD-PARTY  FORCES,  OR  BY  CON¬ 
TRACTOR  FORCES  WORKING  UNDER  DIRECT  GOVERNMENT  REVIEW,  TO  ENSURE  THAT  THEY  COM¬ 
PLY  WITH  THE  APPLICABLE  ACCURACY  REQUIREMENTS  STATED  IN  THE  CONTRACT.  THE  MAP  TEST 
RESULTS  WILL  BE  STATISTICALLY  EVALUATED  RELATIVE  TO  THE  DEFINED  ACCURACY  CRITERIA, 
AND  PASS/FAIL  DETERMINATION  MADE  ACCORDINGLY.  THE  DECISION  OF  WHETHER  OR  NOT  TO 
PERFORM  RIGID  MAP  TESTING  ON  ANY  PROJECT,  DELIVERY  ORDER,  OR  PORTION  OF  A  PROJECT 
RESTS  WITH  THE  CONTRACTING  OFFICER.  IN  ALL  CASES,  THE  CONTRACTOR  WILL  BE  ADVISED  IN 
WRITING  WHEN  SUCH  ACTION  WILL  BE  TAKEN. 


NOTE:  Specify  and  reference  the  map  accuracy  standard  and  accompanying  testing  criteria  required. 
The  ASPRS  standard  is  recommended  for  USAGE  iarge-scaie  mapping  work.  Alternatively,  standards 
set  forth  in  EM  1110-1-1005  or,  if  applicable,  contained  in  other  EM’s  may  be  used  and  simply  refer¬ 
enced  in  this  contract. 


NOTE:  For  fixed-scope  contracts,  indicate  the  degree  of  formal  map  testing  contemplated,  and  by 
whom.  If  performed  by  contractor  survey  forces,  allow  adequate  field  survey  time  in  Section  B.  On  IDT 
contracts,  formal  map  accuracy  tests  are  optional  for  each  delivery  order.  The  need  for  map  tests  is  a 
function  of  the  ultimate  or  intended  use  of  the  maps. 


C.7  SUBMITTAL  REQUIREMENTS. 

C.7.1.  SUBMITTAL  SCHEDULE.  THE  COMPLETED  WORK,  MAPS,  AND  REPORTS  SHALL  BE  DELIV¬ 
ERED  WITHIN  *[  DAYS  AFTER  NOTICE  TO  PROCEED  IS  ISSUED]  *[BY  CALENDAR  DATE]. 
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NOTE:  Include  a  more  detailed  submittal  schedule  breakdown  if  applicable  to  the  project.  Note  any 
preliminary,  priority,  or  partial  delivery  requirements,  with  reference  to  specific  Section  B  iine  items. 


C.8  PROGRESS  SCHEDULES  AND  WRITTEN  REPORTS. 

C.8.1.  ‘PREWORK  CONFERENCE/IN-PROGRESS  REVIEW  CONFERENCES. 


NOTE:  Detail  any  requirements  for  prework  or  in-progress  review  conferences,  including  requirements 
for  preparing  written  reports  for  such  conferences. 


SECTION  D 

CONTRACT  ADMINISTRATION  DATA 


SECTION  E 

SPECIAL  CONTRACT  REQUIREMENTS 


SECTION  F 
CONTRACT  CLAUSES 


NOTE:  See  instructions  in  Appendix  B  of  PARC  IL  92-4. 


SECTION  G 

LIST  OF  ATTACHMENTS 

G.1  U.S.  ARMY  CORPS  OF  ENGINEERS  EM  1110-1-1005,  TOPOGRAPHIC  SURVEYING.  THIS  REFER¬ 
ENCE  IS  ATTACHED  TO  AND  MADE  PART  OF  THIS  CONTRACT. 


NOTE:  List  any  other  attachments  called  for  in  contract  Section  C  or  in  other  contract  sections.  This 
may  include  such  items  as: 


a.  Marked-up  exhibits,  project  sketches/drawings. 

b.  Station/Monument  descriptions  or  Recovery  Notes. 

c.  Drafting  Standards. 

d.  CADD  Standards. 
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SECTION  H 

REPRESENTATIONS,  CERTIFICATIONS,  AND  OTHER 
STATEMENTS  OF  OFFERERS 


SECTION  I 

INSTRUCTIONS,  CONDITIONS,  AND  NOTICES  TO  OFFERERS 


NOTE:  See  PARC  IL  92-4  for  guidance  in  preparing  these  clauses/provisions. 

it1t****itit**itif*it*******iHt**ieic****1t***1c1t****iHtiHi****icie***********i(it*ititie**ie1c*icitkic***icit****^ 
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Appendix  C 

Automated  Topographic  Survey  Data  Coiiector  Equipment  --  inventory  of  USAGE  in 
strumentation  and  Software 


District 

Total  Station 

Data  Collector 

Software 

Portable 

Alaska 

Wild  T2000  (1) 

GRE  3  (1) 

Wildsoft 

Wild  TIOOO  (1) 

Albuquerque 

Geodimeter  140  (1) 

None 

None 

None 

Baltimore 

None 

None 

None 

None 

Buffalo 

Topcon  GTS  3B  (3) 

FC-1  (1) 

None 

None 

HEC 

None 

None 

None 

None 

Chicago 

None 

None 

Civilsoft 

None 

CERL 

Wild  T2000  (1) 

GRE  3  (1) 

Maine  Surveyors 
(FOG) 

None 

Detroit 

Geodimeter  440  (1) 
Wild  T2000  (1) 

Wild  T2002  (1) 
Topcon  GTS  3B  (1) 
Topcon  GTS  2  (1) 
Nikon  DTMS  (1) 

Geodat  126  (1) 

GRE  3  (1) 

GRE  4  (1) 

DR-1  (1) 

Geodimeter 

Wildsoft 

Wildsoft 

Pacsoft 

Compaq  386  (1) 

Detroit  (GH) 

Wild  T2000  (1) 

Wild  T2002  (1) 

GRE  3  (1) 

GRE  4N  (1) 

Wildsoft 

None 

Detroit  (Duluth) 

Topcon  GTS  3B  (1) 

None 

Wildsoft 

None 

TEC 

None 

None 

None 

Compaq  386  (1) 

Fort  Worth 

Lietz  SetS3  (1) 

SDR  24  (1) 

Lietz  SDRMAP 

None 

Galveston 

HD  3800 

None 

None 

None 

Galveston 

Lietz  Set2  (1) 

SDR  2  (1) 

Lietz  SDRMAP 

None 

Huntington 

Wild  TC  1600  (1) 
Nikon  DTMS5  (1) 

GRE  4  (1) 

DR-2  (1) 

CEORH  ED-S 

None 

Huntsville 

None 

None 

None 

None 

Jacksonville 

Wild  T2000 

GRE  3  (1) 

None 

None 

Kansas  City 

None 

None 

None 

None 

Little  Rock  (GD) 

Lietz  Set2  (1) 

HP  3810  A  (1) 

SDR  2  (1) 

HP71B  (2) 

Lietz  Cogo  Plus 

ETI 

Compaq  386  (2) 

Little  Rock  (PB) 

None 

None 

None 

None 

Los  Angeles 

None 

None 

None 

Zenith  (1) 

Louisville 

Geodimeter  AD  (4) 

Geodat  124  (4) 

Geodimeter 

Zenith  (4) 

Memphis 

Wild  T2000  (2) 

GRE  3  (2) 

Pacsoft 

Mobile 

Topcon  GTS-30  (1) 

None 

None 

Grid  1139  (2) 

Nashville 

Wild  TC  2000  (1) 

Topcon  GTS-2  (2) 

GRE  4  (1) 

BTI 

ETI 

None 
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New  Orleans 

Lietz  Set2  (1) 

SDR  24  (1) 

SDRMAP 

None 

New  England 

Topcon  ET-1  (1) 
Topcon  ET-2  (2) 

Husky  Hunter 

None 

Norfolk 

None 

None 

None 

None 

North  Atlantic 

None 

None 

None 

None 

Omaha 

Wild  T2000  (2) 

Wild  TG2000  (1) 

GRE-3  (1) 

GRE-#  (2) 

Pacsoft 

ETI 

ESP-200 

Zenith  (3) 

Pacific  Ocean 

None 

None 

None 

None 

Philadephia 

Topcon  GTS-2  (1) 

None 

None 

None 

Pittsburgh 

Topcon  GTS-2  (1) 
Topcon  GTS-3  (2) 
Nikon  NO-5  (1) 

FC-1  (1) 

ETI 

None 

Portland 

T2000  (1) 

T2002  (1) 

Geodimeter  140  (1) 

GRE  4  (2) 

Geodat  122  (2) 

Geodimeter 

Zenith  (1) 

Rock  Island 

Wild  T2000 

GRE  4  (1) 

Wildsoft 

Zenith  286  (1) 

Sacramento 

Geodimeter  136  (3) 
Geodimeter  444  (3) 

Geodat  126  (2) 

Geodimeter 

Wild 

Zenith  (1) 

Savannah 

Geodimeter  140  (4) 
Topcon  GTS-36  (1) 

HP  41  CX 

HP  41  CX 

Mount  Gilmore 

None 

South  Pacific 

None 

None 

None 

None 

St.  Louis 

HP  3820A  (1) 
Geodimeter  440  LR 

Maptech  (1) 

Geodat  400  (1) 

Maptech 

MapCAD 

HP  7  IB  (2) 

St.  Paul 

Wild  T2000  (1) 

GRE-3  (1) 

Wildsoft 

Compaq  386  (1) 

Seattle  Hydro 

Geodimeter  140  (1) 
Geodimeter  449  (1) 

Geodat  126  (2) 

None 

None 

Seattle 

Wild  T2000 

GRE-3  (1) 

Wildsoft 

Zenith  (1) 

Vicksburg 

Lietz  Set2  (2) 

SOR  2  (1) 

SDRMAP 

None 

WES 

None 

None 

None 

None 
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Appendix  D 

Coordinate  Geometry  Software 


D-1.  General 

COGO  (coordinate  GeOmetry)  was  initially  developed 
by  Charles  L.  Miller  of  M.I.T.  in  1959.  Since  then,  many 
improvements  have  been  made,  but  the  basic  concept  and 
vocabulary  have  remained  the  same.  COGO  is  a  problem 
oriented  system  that  enables  the  user  with  limited  com¬ 
puter  experience  to  solve  common  surveying  problems. 
The  language  is  based  on  familiar  surveying  terminology, 
such  as.  Azimuth,  Inverse,  Bearing,  etc.  This  terminology 
is  used  to  define  the  problem  and  generate  a  solution, 
COGO  may  be  used  to  solve  problems  such  as  curve 
alignments,  point  offsets,  distance  and  direction  between 
two  points,  intersections,  etc. 

a.  The  basis  of  the  system  is  a  series  of  commands 
used  to  manipulate  or  compute  points  defined  by  a  point 
number,  x-coordinate,  and  y-coordinate  on  a  plane  sur¬ 
face.  These  points  are  stored  in  what  is  referred  to  as  the 
“coordinate  table”  and  may  be  recalled  by  their  point 
number  in  future  computations. 

b.  The  mathematics  used  for  the  computations 
described  in  this  appendix  are  beyond  the  scope  of  this 
manual.  There  are  many  books  published  that  describe 
the  mathematical  procedures  in  detail. 

c.  There  are  many  COGO  packages  on  the  market 
today.  Several  are  available  to  the  USAGE  free  of 
charge.  Among  these  are: 

•  U0002,  by  Waterways  Experiment  Station. 

•  MCOGO,  by  Simple  Survey  Software  Inc. 

•  BLM-COGO,  produced  by  Bureau  of  Land 
Management. 

All  of  these  are  available  from  the  Topographic  Engineer¬ 
ing  Center. 

D-2.  Requirements 

Requirements  for  COGO  are  as  follows: 

a.  The  ability  to  utilize  a  combined  scale  factor  in 
its  computations.  This  will  allow  the  user  to  calculate  the 
ground  distances  when  staking  out  a  job,  or  reduce  the 
measured  distances  to  the  reference  vertical  datum,  and 


correct  for  the  scale  factor  when  the  survey  is  to  be  tied 
to  the  SPCS. 

b.  The  ability  to  rotate  and  scale  (transform)  the 
survey  points  to  fit  existing  control.  When  the  surveyor 
uses  field  coordinates  to  perform  the  survey  Job,  the  sur¬ 
vey  can  be  transformed  onto  the  SPCS  by  defining  two 
points  with  their  SPCS  coordinates. 

c.  Compass  traverse  adjustment  is  sufficient  for  the 
majority  of  traverses  established  by  the  USAGE.  Ability 
to  perform  a  least  squares  adjustment  can  be  more 
advantageous. 

d.  Must  have  the  ability  to  work  in  bearings,  north 
azimuth,  or  south  azimuth. 

e.  Allow  the  export  of  the  coordinate  table  to  an 
ASCII  file. 

f.  Allow  the  import  of  points  from  an  ASCII  file. 
Typically,  this  file  will  be  the  ASCII  coordinate  file  pro¬ 
duced  by  total  stations  and  their  associated  software. 

D-3.  Functions 

COGO  functions  can  be  grouped  into  many  categories. 

a.  Forward  Computation  Commands  used  to  calcu¬ 
late  the  coordinates  for  a  point,  given  the  coordinates  of  a 
known  point  and  the  distance  and  direction  to  the 
unknown  point. 

(1)  LOCATE/AZIMUTH:  Computes  a  point  given 
an  azimuth  and  direction  from  a  known  point. 

(2)  LOCATE/BEARING:  Computes  a  point  given  a 
bearing  and  direction  from  a  known  point. 

(3)  LOCATE/ANGLE:  Computes  a  point  given  a 
backsight  point,  angle,  and  distance. 

(4)  LOCATE/LINE:  Computes  a  P.O.T.  (point  on 
tangent)  given  tangent  end  points  and  a  distance. 

(5)  LOCATE/DEFLECTION:  Computes  a  point 
given  a  backsight,  deflection  angle,  and  a  distance. 

b.  Inverse  Computation  Commands  used  to  com¬ 
pute  the  distance  and  direction  between  two  known  points. 
Both  the  ground  and  grid  distances  should  be  given  as 
output. 
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(1)  INVERSE/AZIMUTH:  Computes  the  distance 
and  azimuth  between  two  known  points, 

(2)  INVERSE/BEARING:  Computes  the  distance 

and  azimuth  between  two  known  points. 

(3)  TANGENT/OFFSET:  Computes  the  distance 
offline  and  the  distance  downline  given  a  known  point 
and  the  ends  of  a  known  tangent. 

c.  Intersection  Commands  used  to  calculate  the 
coordinates  of  an  unoccupied  point  as  the  intersection  of 
two  vectors  of  defined  direction  and/or  distance  from  two 
known  points. 

(1)  LINE/LINE  INI:  Computes  the  coordinates  of 
the  point  of  intersection  of  two  lines  whose  end  points  are 
known. 

(2)  RANGE/RANGE  INT:  Computes  the  coordinates 
of  the  intersection  of  two  arcs  with  known  radii  and  cen¬ 
ters.  Two  answers  are  possible,  so  the  user  must  define 
the  desired  intersection. 

(3)  RANGE/AZIMUTH  INT:  Computes  the  coordi¬ 
nates  of  the  intersection  of  a  defined  vector  and  an  arc. 
Two  answers  are  possible,  so  the  user  must  define  the 
desired  intersection. 

(4)  AZIMUTH/AZIMUTH  INT:  Computes  the  coor¬ 
dinates  of  the  intersection  of  vectors  with  known  direc¬ 
tion. 

(5)  FORESECTION:  This  is  an  Azimuth/Azimuth 
intersection,  measured  by  turning  angles  from  two  known 
points. 

d.  Curve  Commands  allow  the  user  to  define  curve 
parameters  to  use  defined  alignment  in  computations. 


(1)  ALIGNMENT:  Given  measured  curve  parame¬ 
ters,  computes  components  of  a  curve  such  as: 

•  Arc  length 

•  Long  chord 

•  Radius 

•  Degree  of  curve 

•  Tangent  length 

•  Center  point  coordinates 

•  External  distance 

•  Mid  ordinate 

•  Central  angle 

(2)  STATION/OFFSET:  Computes  the  coordinates 
of  an  unknown  point,  given  a  station  and  offset  along  the 
curve.  The  reverse  function  is  also  available  to  compute 
the  station  and  offset  of  a  known  point  relative  to  the 
curve  alignment. 

e.  Area  Computation  Commands  which  calculate 
the  area  of  polygons  and  curve  segments.  The  COGO 
package  should  calculate  the  area  based  on  ground  dis¬ 
tances,  not  the  reduced  distances.  This  is  done  by  multi¬ 
plying  the  computed  area  by  the  combined  scale  factor 
squared. 
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DETAILED  SPECIFICATIONS 
WORK  ORDER  NO, - 


1.  PROJECT:  Survey  III  Mapping  Project 

2.  LOCATION:  Huntsville,  Alabama 

3.  GENERAL:  Perform  field  topographic,  planimetric,  and  utility  surveys,  office  computations,  and  3D  digital  mapping 
for  use  in  developing  “Plans  and  Specifications”  as  detailed  in  this  scope  of  work. 

4.  SPECIFIC  REQUIREMENTS: 

a.  Horizontal  control  for  the  project  shall  comply  with  Corps  of  Engineers  Third-Order  standards  as  outlined  in 
EM  1110-1-1005. 

b.  Vertical  control  shall  be  Fourth-Order  per  EM  1 1 10-1-1005. 

c.  Using  control  (NAD  83  and  NGVD  29)  provided  by  the  Government,  the  Contractor  shall  lay  out  horizontal  and 
vertical  control  in  project  areas.  Control  points  shall  be  semi-permanent  (re-bar  w/cap)  and  set  in  a  manner  that  they  can 
be  used  for  layout  during  construction.  From  said  control  points,  the  Contractor  shall  acquire  field  topographic  (cross- 
sections  or  random  topo)  and  planimetric  information  (buildings,  roads,  parking  areas,  sidewalks,  fence  lines,  structures, 
drainage,  etc.)  to  be  used  for  40  scale  mapping  with  a  one  (1)  foot  contour  interval.  Density  of  field  elevations  shall 
support  1”  =  40’  mapping  and  shall  be  provided  as  necessary  to  show  all  breaks  in  grade  or  changes  in  terrain.  Also  the 
Contractor  shall  locate  and  tie  individual  trees  (size  and  species)  in  the  project  area.  All  elevations  shall  be  taken  to  the 
hundredth  of  a  foot.  All  horizontal  and  vertical  data  will  be  collected  with  an  electronic  data  collector  using  the  Govem- 
ment-fiimished  data  collection  codes.  The  Contractor  shall  also  simultaneously  record  data  in  the  field  book.  This  will 
include  setups,  backsights,  measure  ups,  shot  numbers,  and  shot  descriptions.  Angles  and  distances  shall  be  recorded  for 
every  +  20  shots.  The  Contractor  shall  furnish  the  Government  the  field  files  (collection  and  the  edited  and  compiled 
field  file)  along  with  the  final  coordinate  file  for  all  work.  Vertical  control  for  utilities  shall  be  taken  with  a  total  station 
instrument,  with  measure  downs  for  the  invert  elevations.  All  vertical  control  for  utilities  shall  be  recorded  in  field  along 
with  any  sketches  required.  Utility  information  is  required  for  the  following: 

(1)  Water  -  Locate  all  valves,  standpipes,  regulators,  etc.  Locate  all  fire  hydrants.  Provide  an  elevation  on  top 
of  valve  case  and  top  of  valve.  Provide  size  of  pipe  and  distance  above  ground  for  standpipes. 

(2)  Sanitary  Sewer  -  Locate  all  manholes  and  provide  top  of  rim  elevation  along  with  an  invert  elevation  of  all 
pipes  connected  to  the  manhole.  Identify  type,  size,  and  direction  of  each  pipe. 

(3)  Storm  Drainage  -  Locate  manholes  and  all  other  storm  drainage  structures  such  as  culverts,  headwalls,  catch 
basins,  and  clean-outs.  Provide  top  of  manhole  or  top  of  catch  basin  elevation  along  with  an  invert  elevation  of  all  pipes 
connected  to  a  manhole  or  catch  basin  and  bottom  elevation.  Identify  type,  size,  and  direction  of  each  pipe.  Provide 
type,  size,  and  invert  elevation  for  all  culverts. 

(4)  Electrical  -  Locate  all  power  poles,  guy  wires,  vaults,  manholes,  meters,  transformers,  electrical  boxes,  and 
substations.  Obtain  type  and  height  of  poles,  number  and  size  of  transformers,  number  of  crossarms,  number  of  wires 
(electrical  and  communication),  direction  and  low  wire  elevation  at  each  pole.  Provide  top  of  rim  or  top  of  vault  eleva¬ 
tion,  top  of  wire  or  conduit  elevation,  direction  and  bottom  elevation  of  manholes  and  vaults.  Provide  size  for  all  electri¬ 
cal  vaults  and  boxes. 
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(5)  Gas  -  Locate  all  valves,  meters,  and  gas  line  markers.  Provide  elevation  on  top  of  valve  case  and  on  top  of 

valve. 

(6)  Telephone  -  Locate  all  poles,  manholes,  boxes,  etc.  Provide  top  of  rim  elevation,  top  of  wire  or  conduit 
elevation,  direction  and  bottom  of  manhole  elevation.  Obtain  type  and  height  of  poles,  number  of  crossarms,  number  of 
wires  and  low  wire  elevation  at  each  pole. 

(7)  Street  Light  -  Locate  all  poles  and  provide  type  and  height  of  poles.  Identify  number  and  type  of  lights  on 
poles.  If  connected  by  wires,  show  direction  and  low  wire  elevation. 

(8)  Heating  -  Locate  all  steam  manholes  and  vaults,  filler  pipes,  underground  fuel  tanks,  etc.  Provide  top  of  rim 
or  top  of  vault  elevation,  top  of  pipe  elevation,  direction  and  bottom  of  pit  elevation.  Provide  size  of  vault  and  all  pipe 
sizes  within  manhole  or  vault. 

(9)  Fire  Alarm  -  Locate  any  fire  alarm  systems  (box  with  number),  telephones  (box  with  number),  etc.  in  project. 

d.  All  computations  are  to  be  arranged  in  a  sequential  and  understandable  order,  with  notes  when  appropriate  so  a 
review  can  be  made  with  minimum  reconstruction.  The  Contractor  shall  furnish  the  Government  computer  output  of 
unadjusted  bearings,  azimuths,  distances,  and  coordinates  of  all  traverse  points.  The  error  of  closure,  both  azimuth  and 
positions,  shall  be  shown.  Final  data  will  be  adjusted  by  the  compass  method  and  will  show  the  adjusted  bearings,  dis¬ 
tances,  and  coordinates  of  all  points  surveyed.  The  Contractor  shall  provide  a  final  list  of  coordinates  for  all  points.  The 
Contractor  shall  use  the  combined  grid  factor  for  all  work.  All  level  lines  shall  be  reduced  and  adjusted  in  accordance 
with  accepted  procedures  and  practices.  All  computations  shall  be  fastened  into  an  8-1/2”  X  11”  folder  separated  and 
labeled  to  indicate  various  facets  of  work  (horizontal,  vertical). 

e.  Field  note  books  standards: 

(1)  Field  books  shall  be  neat,  legible,  and  sequential.  They  will  also  show  names  of  crew  members  and  date  at 
the  beginning  of  each  day.  Black  ink  shall  be  used. 

(2)  Each  field  book  shall  have  an  index.  The  serial  number  and  type  of  instruments  used  will  be  shown  on  this 

page. 

(3)  There  is  to  be  a  maximum  of  one  (1)  horizontal  setup  per  page. 

f  Target  computer  system.  The  Contractor  shall  provide  interactive  graphic  and  nongraphic  data  files  that  are  fully 
operational  on  an  Intergraph  computer  system  running  MicroStation  software,  version  4.0  or  better.  The  files  shall  be 
created  using  Government-furnished  seed  file  to  ensure  compatibility  with  mapping  procedures  and  standards. 

g.  Utility  information.  All  utilities  that  are  field  tied  shall  be  merged  into  the  Government-furnished  1”  =  40’  topo¬ 
graphic  database.  This  includes  showing  manholes,  valves,  power  poles,  etc.,  and  connecting  lines.  Also  the  attribute 
information  (text)  for  each  utility  shall  be  placed  in  the  data  file.  This  can  include  but  not  be  limited  to  top  of  rim  eleva¬ 
tions,  invert  elevations,  pipe  size,  direction,  top  of  valve  elevation,  etc.  (See  Government-furnished  example.)  All  hori¬ 
zontal  and  vertical  control  established  for  ties  shall  be  shown  as  a  symbol  with  annotation.  Also,  see  Appendix  A  for 
breakdown  of  level  assignments,  level  symbology,  and  text  size. 

h.  Map  symbols.  All  symbols  shall  conform  with  Government-furnished  cell  file  (CIVSUR.CEL).  See  Appendix  B 
for  complete  breakdown  of  cells. 

i.  Global  origin.  The  Contractor  shall  use  the  standard  global  origin  of  zero  “X”  and  “Y”  coordinates  at  the  lower 
left  comer  of  the  X-Y  plane. 
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j.  Views.  Only  view  one  (1)  and  five  (5)  will  be  active.  All  locks  will  be  off  except  keypoint  snap  and  all  displays 
will  be  on  except  text  nodes  and  grid. 

k.  Text/Font.  Most  map  features  constitute  either  graphics  or  text  and  are  on  separate  levels.  However,  in  some 
cases,  text  will  be  placed  on  the  same  level  as  the  graphics.  Examples  of  this  would  be  the  “S”  embedded  in  the  line  for 
sanitary  sewer  or  the  “W”  in  the  line  for  water.  Font  24  shall  be  used  for  utility  descriptions  and  font  127  for  all  remain¬ 
ing  text.  See  Appendix  A  for  breakdown  of  level  assignments,  level  symbology,  and  text  size. 

5.  SPECIAL  REQUIREMENTS: 

a.  There  shall  be  no  cutting  of  trees,  and  brush  cutting  shall  be  kept  to  a  minimum. 

b.  Excessive  marking  with  paint,  flagging,  etc.  will  be  avoided. 

c.  The  Contractor  shall  comply  with  all  applicable  safety  regulations  of  the  current  U.S.  Army  Corps  of  Engineers 
Safety  and  Health  requirements  manual  EM  385-1-1,  and  shall  acquaint  himself  and  his  personnel  with  the  safety  require¬ 
ments  governing  the  area  in  which  the  work  is  being  done. 

6.  MATERIAL  TO  BE  FURNISHED  CONTRACTOR: 

a.  Utility  maps  (1”  =  40’)  as  required  for  areas  of  work. 

(1)  Storm  drainage 

(2)  Sanitary  sewer 

(3)  Water 

(4)  Electrical 

(5)  Street  lighting 

(6)  Telephone 

(7)  Gas 

(8)  Fire  alarm 

(9)  Heating 

b.  Control  listing  and  map. 

c.  Collection  Point  Codes,  font  library  (FONTLIB.NPS),  cell  file  (CIVSUR.CEL),  and  seed  file  (SEED.DGN). 

d.  Field  book  example. 

e.  Final  product  example  (1”  =  40’  plot). 

f  Appendix  A,  Level  Assignments  and  Symbology. 

7.  REVIEW/SUBMITTAL: 

a.  Initial  submittal  -  The  Contractor  shall  provide  the  Government  one  (1)  completed  Intergraph  design  file  and  hard 
copy  at  1”  =  40’  for  review  to  assure  compliance  with  project  specifications.  The  Government  reserves  a  period  of  five 
(5)  calendar  days  to  comment  on  this  submittal, 

b.  Pre-final  submittal  -  The  Contractor  shall  generate  3D  graphic  files  of  utility  data  (Intergraph  design  files)  and  a 
1”  ==  40’  plot  of  all  files  for  all  areas.  Digital  data  shall  be  supplied  on  a  5-/4”  1.2  MB  floppy  disk,  3-1/2”  1.44  MB 
floppy  disk,  or  a  5.25”  44  MB  removable  cartridge.  The  Government  reserves  a  period  of  ten  (10)  calendar  days  to  com¬ 
ment  on  Contractor’s  work. 
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c.  Final  submittal  -  The  final  submittal  shall  contain  all  the  revisions  required  as  a  result  of  the  Government’s  pre¬ 
final  review.  The  final  submittal  shall  consist  of: 

(1)  Intergraph  design  files  on  3-1/2”  or  5-1/4”  floppy  disk  or  cartridge  for  each  file 

(2)  1”  =  40’  plots  of  individual  data  files 

(3)  All  items  in  paragraph  6  above 

(4)  All  computations  (in  folder) 

(5)  All  field  books  (reduced  and  checked) 

(6)  Floppy  disks  of  all  raw  field  data  and  final  coordinate  data 

8.  REPORTS:  The  Contractor  shall  submit  monthly  progress  status  reports  during  the  duration  of  the  project. 

9.  SCHEDULE  AND  DELIVERY:  The  submission  schedule  shall  commence  on  the  day  notice-to-proceed  is  issued  and 
will  run  consecutively  for  the  number  of  days  shown  in  Appendix  B.  All  submittals  shall  be  accompanied  by  a  letter  of 
transmittal. 


Enclosures: 

Appendix  A 
Appendix  B 

(Appendices  to  be  included 
in  an  actual  scope  of  work.) 


E-4 


EM  1110-1-1005 
31  Aug  94 


Appendix  F 

IDT 

Indefinite  delivery  type 

Glossary 

IGES 

Initial  Graphic  Exchange  Specification 

LIS 

Land  Information  System 

A-E 

Architect-Engineer 

NAD  27 

North  American  Datum  of  1927 

AM/FM 

Automated  Mapping/Facilities  Management 

NAD  83 

North  American  Datum  of  1983 

ANSI 

American  National  Standards  Institute 

NAVD  88 

North  American  Vertical  Datum  of  1988 

ASCE 

American  Society  of  Civil  Engineers 

NGRS 

National  Geodetic  Reference  System 

ASCII 

American  Standard  Code  for  Information 

Interface 

NGS 

National  Geodetic  Survey 

ASPRS 

American  Society  of  Photogrammetry  and 

NGVD  29 

National  Geodetic  Vertical  Datum  of  1929 

Remote  Sensing 

NMAS 

National  Map  Accuracy  Standards  System 

CADD 

Computer-aided  drafting  and  design 

NOS 

National  Ocean  Service 

CMAS 

Circular  Map  Accuracy  Standards 

OMA 

Operations  and  Maintenance  Army 

COGO 

Coordinate  Geometry 

OMAF 

Operations  and  Maintenance  Air  Force 

DEM 

Digital  Elevation  Model 

0MB 

Office  of  Management  and  Budget 

DGN 

Intergraph  design 

PC 

Point  of  curvature 

DRMS 

Two  standard  deviations  root  mean  square 

PI 

Point  of  intersection 

DIM 

Digital  terrain  model 

POL 

Points  on  line 

EDC 

Electronic  distance  collection 

PT 

Point  of  tangency 

EDM 

Electronic  distance  measurement 

RMS 

Root  mean  square 

EFARS 

Engineer  Federal  Acquisition  Regulation 

Supplement 

RMSE 

Root  mean  square  error 

FGCC 

Federal  Geodetic  Control  Committee 

SPCS 

State  Plane  Coordinate  System 

FGCS 

Federal  Geodetic  Control  Subcommittee 

TBM 

Temporary  benchmark 

GIS 

Geographic  Information  System 

TM 

Transverse  Mercator 

GPS 

Global  Positioning  System 

TS 

Tangent  to  spiral 

GRS80 

Geodetic  Reference  System  of  1980 

USGS 

U.S.  Geodetic  Survey 

HARN 

High  Accuracy  Regional  Network 

UTM 

Universal  Transverse  Mercator 

HI 

Height  of  instrument 

WGS84 

World  Geodetic  System  of  1984 
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